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PURPOSE OF THE INSTITUTE 

It is the purpose of the Institute, by means of conventions and publications, 


increase and disseminate knowledge in regard to the 
products; to conduct research into their properties and uses; and to formulate 
practice and standard specifications 


Its objects are purely educational 
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On page 188 of this JouRNAL there appears the report of the 
Committee on Nomenclature. The work which this Committee 
has in hand is of greatest importance, and it is hoped that the 
members will not only discuss the report, but will communicate 
suggestions of additional definitions or modification of those 
already proposed, so that the Committee may be aided in the 
development of a glossary, of which the present report will form 
the nucleus. There is undoubtedly a need for such a glossary, 
and no organization is better fitted for promulgating this than the 
American Concrete Institute. 

At the last Convention the Committee was instructed to 
confer with committees of other societies for the purpose of obtain- 
ing the value of their criticisms and suggestions. It is hoped that 
this appeal on behalf of the Committee for assistance in its work 
will meet with such favorable response that the Committee’s 
report at the coming Convention may show in a large measure the 
result. of this appeal. 


Attention is called to the matter relating to the Technical 
Committees on pp. 6-8, and to the appeal of the Board of 
Direction for suggestions concerning the scope of the work and 
the personnel of these Committees. It is hoped that every 
member will give the matter his earnest consideration, 
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RULES GOVERNING THE AWARD OF THE 
LEONARD C. WASON MEDALS. 


These prizes are to be awarded annually, unless the Board of 
Direction shall decide that none of the papers presented or original 
research carried on during the year are of such character as to 
merit the award. 


COMMITTEE OF AWARD. 


1. The Board of Direction shall appoint annually, not later 
than six months after the Annual Convention of each year, three 
members, not members of the Board of Direction, who shall form 
a committee to recommend the award of the prizes. 

2. The papers considered shall include all papers published 
by the Institute either during a year or the period between two 
Conventions. 

3. Any original research work or discovery whose subject 
matter falls within the scope of the Institute activity that is 
announced to the public, either during a year or the period between 
two Conventions, shall be eligible for the award. 

4. The Committee on Award shall report its recommendations 
to the Board of Direction at least one month before the next Con- 
vention, and the award shall be made by the Board of Direction. 

5. Announcement of the award and presentation of medals 
shall be made at the Annual Convention. 

6. The Secretary of the Institute shall act as Secretary of the 
Committee on Award, but shall have no vote or voice in its delib- 
eration. 

7. The Board of Direction is given full power to modify any 
rules or terms hereof. 


CODE OF RULES FOR RESEARCH MEDAL. 


I. Competition for the research medal of the American Concrete 
Institute shall be restricted to members of the Institute or 
any resident of the United States, 
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Rutes GOVERNING AWARD Wason MEDALS. 5 


There shall be one nickel medal awarded as hereinafter pro- 
vided. The die therefor shall be deposited with the Super- 
intendent of the United States Mint at Philadelphia, in 
trust, exclusively for the above purpose. 

Any line of original research work contributing knowledge 
about cement or concrete and their uses in the arts, or a 
discovery which advances the state of the art or the con- 
crete industry, shall be eligible for the award of a medal. 
It is expected that following the award a descriptive article 
of the work will be contributed to the Institute by its author. 

The medal shall be awarded for the research or discovery 
which shall be judged most worthy of special commendation 
for its merits. 


CODE OF RULES FOR MEDAL FOR THE BEST 
PAPER PUBLISHED. 


Competition for the medal of the American Concrete Insti- 
tute shall be restricted to members of the Institute. 

PntiPanother-medat-be established, there-shall_be one bronze 
medal awarded, as hereinafter provided from the same die 
as the research medal. The die therefore shall be deposited 
with the Superintendent of the United States Mint at Phila- 
delphia, in trust, exclusively for the above purpose. 

All origina) papers presented to the Institute by members and 
published by the Institute during the year for which the 
medal is awarded, shall be open to the award, provided that 
such papers shall not have been previously contributed in 
whole or in part to any other association, nor have appeared 
in print prior to their publication, except that the printing 
of advenee copies in-thedouRNaL prior to a Convention shall 
not bar the papers from competition for the award. 

The medal shall be awarded for the paper which shall be 
judged most worthy of special commendation for its merits. 








LIST OF TECHNICAL COMMITTEES, SCOPE OF WORK 
AND REQUEST FOR NOMINATIONS. 


The Board of Direction desires the assistance and advice of 
the members of the Institute in the selection of the personnel of the 
standing technical committees. 

The work of these committees is the source of the valuable 
information on matters relating to the use of concrete published 
by the Institute; the productiveness of these committees depends 
entirely on their activity and the efficiency with which they do 
their work. It is, therefore, essential that the committees shall 
be made up of men of experience and with sufficient interest in 
the work of the Institute to be active workers on such committees. 
In a measure, the success of the Institute is largely dependent on 
the work of its technical committees. 

Below is given a list of the present standing technical com- 
mittees, with a brief outline of their work. 

The Board requests that each member study this matter care- 
fully and send suggestions to the Secretary concerning membership 
on the present committees and as to desirable lines of activity 
for other technical committees. In making suggestions for 
members of technical committees, it should be borne in mind that 
the member’s experience and fitness, as well as his willingness 
to do active work, should be considered. 


COMMITTEES. 

Building Blocks and Cement Products.— Preparation of speci- 
fications and recommended practice for cement products. 

This year: Specifications for building blocks for chimneys 
and reinforced concrete sewer pipe. 

Insurance.—The collection of information relative to insur- 
ance on reinforced concrete buildings; tabulation of this showing 
the present rates and a comparison of the rates on these buildings 
and similar buildings of other materials. 

Nomenclature.——The compilation of a complete vocabulary of 
words and phrases peculiar to the concrete industry, not only for 


























List oF TECHNICAL COMMITTEES. 
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materials of construction, but for their use, and also that of allied 
materials like mechanical plant, parts of form work, ete. 

The preparation of definitions of the above vocabulary. 

Reinforced Concrete and Building Laws.—Conducting re- 
search into the properties of reinforced concrete in various uses. 

Establishing of proper methods and units of stress for con- 
struction. 

Drafting of general specifications and of building laws to 
provide for the correct use of these materials. 

Reinforced Concrete Highway Bridges and Culverts.—The 
preparation of standard forms for concrete and reinforced concrete 
bridges and culverts and specifications for their use. 

Concrete Roads and Pavements.—This committee has pre- 
pared specifications. 

During the coming year they should prepare a record of pave- 
ments laid with a view to recording the first cost, a statement of 
their condition, the cost of repairs during the period of their 
existence, and the ultimate life of such pavements. 

Concrete Aggregates. The complete investigation of aggre- 
gates, coarse and fine, to determine what materials are best to use. 

How to determine unsafe materials which may appear from 
casual observations to be good. 

The standardization of tests for aggregates and sizes to use for 
Various purposes, 

Treatment of Concrete Surfaces.— Continue previous work. 

Treating of architectural design for concrete. 

Artistic treatment. 

Tests by students as thesis work of subjects wanted, 

Detail descriptions of how some pleasing artistic results have 
been obtained. 

Measurement of dry lime and cream of lime. 

Preparation of concrete surfaces to receive plaster. 

Painting of concrete surfaces. 

Treatment of stone to prevent staining by mortar. 

Treatment and elimination of efflorescence. 

Reinforced Concrete Chimneys. ‘T’his is a new field: Deter- 
mine the right method of building a chimney; what design, whether 
a single wall or a double, and if double, whether the two should 
be free from one another or tied together, 





8 List oF TECHNICAL COMMITTEES. 


Standardizing of the best designs and specifications. 

A review of all the chimneys that have been built, of the 
failures and causes of same. 

Fireproofing.—This is a new field and no work has been done. 

This committee should cover the subject of fireproofing of all 
materials of construction, structural steel or reinforced concrete, 
and the best methods. 

The conduct of tests to find the best methods and results. 

The establishment of the best practice with specifications. 

Cement Roofing Tile.—Compile data regarding past and 
present use of tile with results. 

Specifications for the best work. 

Sidewalks and Floors.—A complete investigation of the 
methods of constructing sidewalks in widely distant localities, as 
the method varies throughout the country. 

Report on results obtained with recommendations as to a 
uniform method and improvement in existing specifications. 

The same for floors. 

Concrete in Revetement Work.-(‘omplete investigation of 
past and present uses with results and recommendations for the 
best practice. 

Reinforcing Steel.—Investigation as to results obtained with 
different qualities of metal and different sections of bars and of 
mesh. Distance from the surface and from one another. 

Method of tying prior to pouring concrete and of holding the 
reinforcement in correct position until concrete has been poured 
around it and has set. 

The effect of rust, oil, dust or other injurious coatings, also 
whether galvanizing, paint, etc., are useful or injurious. 
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New Members. 
The following new members have been elected: 


PurpY AND HENDERSON, Constructing Engineers and Contractors, 
Mr. N. A. Richards, Secretary, 45 E. 17th St., New York, 
_ ee 

CANDLIsSs, EpGar 8., Assistant Professor of Civil Engineering, 
Box 548, Rolla, Mo. 

Herrick, Henry A., Chief Engineer, Western Office of Charles 
T. Main, P. O. Box 1004, Great Falls, Mont. 

Hvuest Company, Rospert W., Insurance Exchange, Chicago, Il. 

UNITED STATES PoRTLAND CEMENT Company, Mr. J. E. Zahn, 
Secretary, 1736 Sixteenth St., Denver, Col. 

PEARSE, LANGDON, Division Engineer, Sewage Disposal Investiga- 
tions, The Sanitary District of Chicago, 910 8S. Michigan 
Ave., Chicago, III. 

BoRCHARD, EpWIN Von K., Association American Portland Cement 
Manufacturers, Bellevue Court Building, Philadelphia, Pa. 

HopGson, Joun B., Stanhope, N. J. 

BIRMINGHAM SLAG Company, Mr. 8. G. Reynolds, Secretary, 
1001-6 Woodward Building, Birmingham, Ala. 

Treco, EF. A., Association American Portland Cement Manu- 
facturers, Bellevue Court Building, Philadelphia, Pa. 

Ciry oF Leap, Mr. H. L. Howard, Mayor, City Hall, Lead, 8. D. 

LATTA, HarRIsON W., Engineer, Association American Portland 
Cement Manufacturers, Bellevue Court Building, Phila- 
delphia, Pa. 

Hitts, Harotp E., Association American Portland Cement 
Manufacturers, Bellevue Court Building, Philadelphia, Pa. 

LIBRARY OF THE UNIVERSITY OF Wisconsin, Mr. Walter Smith, 
Librarian, Madison, Wis. 


Reduced Prices for Back Volumes. 


Members of the Institute can obtain copies of back publi- 
cations at the following special prices: 

Vol. I, 50 cents; Vols. II to VI, $1.50 each; all in paper 
binding. For cloth or half morocco binding there is an addi- 
tional charge per volume of 50 cents or $1.00 respectively. Vol. 
VII is available only in cloth binding, $2.00, or half morocco, $2.50. 
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Membership Certificate. 


A Certificate of Membership in this Institute will be furnished to any 
member in good standing, i. e., whose dues are paid up to date. These Cer- 
tificates are printed from an engraved steel plate The name of the member 
is engrossed and the Certificate will be signed by the President and Seer tary 
The Certificates are about 10 x 14 ins., and have sufficient margin to be framed 
14 x 17 ins. They are engraved on parchment or parchment paper, both 
suitable for rolling or framing. 


The charge for cert ific ates is as follows 


Parchment rt Fe ' $2.50 
Parchment Paper.... 1.50 
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MEMBERSHIP CERTIFICATE, 
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Standards Adopted by the Institute. 


1. Standard Specifications for Cement with Appendix on Stand- 
ard Methods of Testing and Chemical Analysis, 23 pp. 

2. Standard Specifications for Portland Cement Sidewalks, 
6 pp. 

4. Standard Building Regulations for the Use of Reinforced 
Concrete, 13 pp. 


~t 


Standard Specifications for One Course Concrete High- 
way, 10 pp. 
6. Standard Specifications for Portland Cement Curb and 
Gutter, 7 pp. 
7. Standard Recommended Practice for the Use of Reinforced 
Concrete, 21 pp. 

8. Standard Specifications for Serubbed Concrete Surfaces, 
3 pp. 

9. Standard Recommended Practice for Concrete Drain Tile, 
3 pp. 

10. Standard Recommended Practice for Concrete Architectural 
Stone, Building Block and Brick, 4 pp. 

ll. Standard Specifications for Concrete Architectural Stone, 
Building Block and Brick, 3 pp. 

12. Standard Building Regulations for the Use of Concrete 
Architectural Stone, Building Block and Brick, 3 pp. 

13. Standard Specifications for Plain Concrete Floors, 6 pp. 

14. Standard Specifications for Reinforced Concrete Floors, 5 pp. 

15. Standard Specifications for Portland Cement Stucco on 
Metal Lath, Brick, Tile or Concrete Block, 9 pp. 

16. Standard Methods for the Measurement of Concrete Work, 
7 pp. 

17. Standard Specifications for One Course Concrete Street 
Pavement, 10 pp. 

18. Standard Specifications for Two Course Concrete Street 
Pavement, 11 pp. 

19. Standard Specifications for One Course Concrete Alley 
Pavement. 

The above Standards can be obtained at the price of 25 
cents each or in lots of ten or more at 20 cents each. Specia 
price to Members 15 cents or 10 cents each in lots of ten. 
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Synopses of Recent Articles on Concrete. 


Reviewed March 1 to 31, 1915. 


The synopses given below are for the purpose of keeping 


the members of the Institute in touch with the leading articles 
of interest appearing in the many technical journals and are not 
complete reviews of these journals. The publications regularly 


reviewed appear below and the number given corresponds to the 
number following the title of the paper. The length of the 
article in pages, whether illustrated or not, is noted, and the 
publications reviewed in which it appears: 


oe 
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25. 
26. 


27 


28. 
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. Canadian Engineer, Toronto, Ontario, Canada. 

. Cement, New York, N. Y. 

. Cement and Engineering News, Chicago, IIl. 

. Cement Era, Chicago, Ill. 

. Cement World, Chicago, Ill. 

. Concrete Age, Atlanta, Ga. 

. Concrete Era, Los Angeles, Cal. 

. Concrete-Cement Age, Detroit, Mich. 

. Concrete and Constructional Engineering, London, England. 
. Engineering and Contracting, Chicago, LIl. 

. Engineering News, New York, N. Y. 

. Engineering Record, New York, N. Y. 

. Good Roads Magazine, New York, N. Y. 

. Portland Cement, Kansas City, Mo. 

15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


Rock Products, Chicago, Ill. 

Proceedings American Railway Engineering Association, Chicago, III 
Western Contractor, Record Building, Kansas City, Mo. 

Journal National Fire Protection Association, Boston, Mass. 

Journal Western Society of Engineers, Chicago, Il. 

Proceedings American Society of Civil Engineers, New York, N. Y. 
Proceedings American Society of Municipal Improvements, New York 
Proceedings American Society for Testing Materials, Philadelphia, Pa 
Proceedings Engineers’ Club of Philadelphia, Philadelphia, Pa. 
Proceedings Engineers’ Society of Western Pennsylvania, Pittsburgh, Pa 
Professional Memoirs, Corps of Engrs., U. 8. A., Washington, D. C. 
Proceedings Institution of Civil Engineers, London, England. 


. Transactions, Canadian Society of Civil Engineers, Montreal, Quebec, 


Canada. 
Railway Age Gazette, Chicago, IIl. 


. Better Roads, Jamestown, Ohio. 
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SyNOPsES OF REcENT ARTICLES. 13 


MATERIALS 
Notes on Screens for Gravel Washing and Soca 3 by y W. H. Wilms 11) Mar 


Descripti screens Se 


A Modern Rock- -Crushing Plant, 


- 4, 134 pp 
re iks T of water required. 


K. Yi 11) Mar. 25, 3% pp., ill. A newly 









open ved traprock qu tif I 1e latest appli es for crushing and handling 
broken rock, is des ts d g and const g engineer. 

Testing and Handling of. pot Ben by H. Ss. Ma ttin r 4) Mar., 1 p. 

Concrete Materials Tested in a Jones- veabet Rattler. (2 M: ar. 27, ep. a mens made with 
hard pebbles and inated rock kick out easily zive less service than an even surface 


Materials ~~ Concrete ‘Road Delivered by Industrial ab from Central Plant. 12) Mar. 6, 





144 pp. On rego yt State work specially designed mixer pi ks 1 ip loaded 
hopper b« fron raw 
Testing Aggregates for Conasete Roads Built by the New York Highway Commission. (10) 
{ -. Sie 
Rock- kate Plant of the National Limestone Co. (3) Mar., 4 pp. ill Description of plant 


DESIGNS AND TESTS 
Some Modern Methods of Arch Calculation, by E. S. Andrew 9) Mar.,2 pp. Mathemati 


1S€ 


treat 


Field Methods in Cons‘ ruction- oo and Construction of Forms in General, by Jerome 
M 


ychrar Mar., aterials, mixing and proportioning, ar ; design of 
forms 
Design Methods in Concrete Construction Analysis of Stresses in Rectangular Beams, by 
Jerome Cochran. 8) Mar., 3» PP _Deser i mathemat al tre atise. 
Ordinary but Dangerous Designs, | 4 ( in 1 


4) Ma 
Results of Some Tests to Determine the "Bffect of Normal end ‘lew ‘temperatures on the 
Strength of Cement Mortar. (10) Mar. 3 tp 
Moment of Inertia of Reinforced Concrete Sections, by John A. Davenport. (9) Mar., 8 pp 


nathematical treat 


BUILDINGS 


Reinforced Concrete Columns ,and their C Characteristic Cost Curves, by Rohinten N. Frar 
Mirza Ma 
Preliminary Work ‘in Brick a. by Patients in a a State La ag H. N. Jenks. (8 
Administration Building for the c anal. 4 M: ar., 2 os ; ill. Cor — te in many forms houses 
Constructing Pumping, Station in Unbraced Cofferdam Formed by Outside Walls. (11 
Mar 6. 1 4 Descri; y ar 1 « struction m thods 
New Concrete Warehouse and terminal “Plant at New Orleans ‘will cover 100 Acres. 12 
ir. J 2 Pp. ill Devices for handling « in piers make one-story warehouse con- 
ates ) pacit f 2,000,000 bales 
Reinforced Concrete at the Bristol General Hospital, Allen Lakeman. (9) Mar., 914 pp 
ll Examy fr tk wh rete has beer used throughout, ins nuch 
te |} al cst ar le nstructional mer ets and concre blocks for 





HOMES 


Concrete enaine in Craytord, Kent. 9) Mar., 8'5 pp., ill. Some very good examples of 
t tru e blocks 
Senconte Chimneys. 3 Ma 114 pp., ill. How ncrete chimneys are built. Forms and 
reinfor r 
Concrete Residences of Moderate Cost, by John Meagher. 15) Mar., 2'4 pp., ill. Another 


BRIDGES AND RAILROAD WORK 
Du Bois Turnable Pit. 12) Mar. 6, 14 p.. il Details f des 


ip gn adopted by Buffalo, Rochester 

and Pittsburgh ailway ir th new er e house 
A Disintegrated Stone Abutments ‘with Conmete. 12) Mar. 13, % p., ill Repair 
work under traff ridge of Chicago and Western Indiana Railroad over Chicago 


drainage 


Pennsylvania’s Concrete Bridge Over the Susquehanna. 12) Mar. 1 3, 3 ill. Archex 








; 4 P.. | 
ped ure, £000 ft. re y replace single-track Cumberland alley twenty-five span 
S will t $750,000. 

piaitonenten Deahenaee Terminal at Buffalo. 12) Mar. 13, 214 pp.., ill New station will 
pomen. different site e double-decked, upper level being carried reinforced 

oncrete structu 
Concrete Arch at Saskatoon. 11) Mar. 4 The new reinforced concrete highway 
bridge over the Saskatchewan River at S: . Can T sists of nine arches, including 
four of 150 ft. span, which are said t ar h spans in Canada. Eac! — has 
two arch ribs, with sp: 1 walls and i the side walle are cartied tey < antilevers 





The bridge is on a grade of 2.88 per cer 
for a range of 140 é 
use of the pneumatic n of placing and delivering the concrete, with a maximun 
length of 1000 ft. for the delivery pipe 


sual factor in the design is the pre Vision 


-mperatu 





special feature of the construction was the 
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Concrete Units for Crib Construction, by Ma 7 1c D. Campbell 28) Mar. 1 p 
Description of bulkhead on the Bessemer and Lake Erie Railroad, Pittsburgh, P 
Concrete Lighting Standards for Bridges at Houston, aeuee. 8) Mar., 2 | 
lamppost design of the San Jacinto Street Bridge, Ho Texa 
Track _Depression at Minneapolis. 11) Mar. 18, 3 V, pp., i ig "De ription of w 
concrete bridges of the slab-and girder type Construction methods. 
A Balanced Cantilever Reinforced Concrete Bridge, by Henry H. Quim! 11) Mar. 25 


314 pp., ill. Design and description. 
Jacking Up a Concrete Arch Over a Settling Pier, by W. P. Darwin. (11) Mar. 25, | 


Why Indiana Leads the World in Concrete a by D. B. Luter 3) Mar., 2% py 

Halifax Ocean Terminals. New Pier No. 2, A. F. Dyer 9) Mar., 12% pp.., ill Part 
ulars regarding the construction of the new pier at Halifax are speciall t I 
account of the large aie s driven 





RESERVOIRS, DAMS, CANALS, ETC. 


Main Concrete and Diversion Dams of Medina. (9) Mar.,4pp.ill. Dam 164 ft. hig 
ing 3000 cu. yds., San Antoni Texas. De scripti 
Construction of the Barge Canal Crossing of rages! “Orchard Creek, Emile Low 11) M 
44 pp., ill. Description and method construction k completed in unusua 


short time 
Construction of Concrete Satmaing Pool at weet. (Fla. 8) Mar., 1%4 p., ill D 





and detail of unique concrete pool, 22 by 64 ft i g dey f 3 to ft 

The Salmon Creek Dam; a Constant: Angle Arch Type. 11) Mar. 11, 2 pp., ill Det 
and Construction Mi thods. 

Concrete Surge Tank, Disconnected at Base, ene on Differential ee. 12) M 
20, 134 pp.., ill. Effects of load changes le in th ordinar pe of al Car 
construction elit ates leakage at botton il 

Construction of a Hydro- Electric Plant. 4 Ma ir., 4 py Tt ‘ 

— dam, a retaining section of the lar il 1 the powernouse flank 
its with concrete core wall 

Coders Hydro- Electric Development, St. Lawrence River. (11 Mar. 25 


scri pti on of form and concret 


y rk af Ar ’ 1 
Construction Plant and Methods for chamete Work on ae Lock * ene sa Dam, Coosa River, 


Alabama. 10) Mar. 24, 5 pp., ill. 

Water Works. (10) Mar. 24 2 pp.. ill Method of relining a small brick-lined water work 
reservoir with asphalt and concrete at Irwin, Pa. 

Water Works. 10) Mar. 31, 244 pp., ill. De 
reservoir at Regina, } 

Construction . the Fallsway ‘Viaduct, Baltimore, Md. (3) Mar., 4 pp., ill. De 


ethods « constructio 


ROADS AND PAVEMENTS 


Concrete Road Construction in U. S. A., A N. Johnsor 9) Mar., 4 pI D 
tion and construct ighwa a Iilinoi 

Methods and Cost of Goneienetion of a Rolled Conmeete Road in Washington. 10) M 

Bepesincatat Concrete Roads, by James T. Vosh«e 3) Mar., 114 py 


SEWERS, PIPE, TILE, ETC. 


Sewerage and Sanitation. 10 Mar. 24, 2 PE De 
sewage treatment plant tl tate Ho ° Pa 

Placing a Jointed Concrete Pressure Pipe ieee a Brick Tunnel. 11) Mar. 25 
Jescriptior methods of lining 12 ft. brick tur W tar 1) ft. hea 


CONCRETE PRODUCTS 
Making the Models Vr Molds for Ornamental Concrete Work: Using Plaster and Gelatin. 
(8) N 











i i pp... s t it 
Concrete Blocks ner Sewage Filter Gadesteien. (12 ‘Ma 13 4 p., ill I 
at Fitch plant provid ypen area of 43 per lrainage and ventil 
10 ft 7 ; 
Concrete Silo Construction, by George B. Aller 15) Mar., 1 pp., ill The 
silo 
MISCELLANEOUS 
A Concreting Plant with a Braced Double Tower. 11) Mar. 4, 114 pp., ill. Met I 
tion. 
mange = od Shows Importance of Mixing as a Factor in Making Strong Concre te, 
Jo 1 12) ar. 6, 3 pp., ill. Fi fth article x 
quar r of water used also influence ength of mixture 
Port Doculasenent at Seattle, by Pi wl P wi 4 11) Mar. 11, 5 [ D 
comprehensive 1! for devel nt th de riptior f structure 
Moving Reinforced Caneeete Hotel in ey Francisco, by A. D. Phare 12) Mar. ¢ 
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High- -Strength Concrete Produced Through Lowering of Surface Tension of Mixing Water, 
by Nathan C. Johnson. (12 f 






r. 13,449 pp., ill. Final article in series of six. Showing 





how n sernacoge 1as led to disco of reason for lo w percentage ydration of cement, 
and describing experiments for increasing the percentage 

Concrete a Plague. Eradicator in New Orleans, by H. P. Letton. (12) Mar. 13, 34 p. Repairs 
to water front and city buildings resorted to as starvation measure for rats which transmit 
disease. 

Design and Cost of Concrete Posts Used Along Catskill Aqueduct. (10) Mar. 31, 114 pp.., ill 

Floating Concrete Caissons Foreign and Domestic Development), by Harrison S. Taft (25) 
Mar.-Apr., 32 pp 

Concrete and Reinforced Concrete in 1914, Sanford E. Thompsor 3) Mar., 2 pp., ill. 
A review 
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ten years ago, and a rough stone fill was deposited directly under 
the macadam, and the results were much more satisfactory than 
those we had obtained with the side-drain type of construction. 
It seems evident that this experience with macadam roads should 
be applied to the construction of concrete roads as well, and the 
road engineer should not place too much confidence in the side- 
drains to provide against any disintegration of the surface of the 
road. It is not meant by this statement to imply that the side 
drains have no value, but the point is that the stone or gravel 
filling under the macadam or concrete will be more efficacious and 
less expensive, and the virtue of it will become apparent after a 
number of years have elapsed, because it has been found in this 
state that only after a term of years was it realized that the side- 
drains were becoming failures. 

In conclusion, it is plain that it is not. wise to neglect the 
foundations under a concrete road. If the engineer has had 
experience in determining the proper amount of material to be 
placed under a macadam road, he may assume that somewhat 
less will suffice under a concrete surface, but with our present 
knowledge of this subject he will be careful not to invite a failure 
by using too little material. It is not always possible to obtain 
good gravel of cobbles for making a foundation in the immediate 
neighborhood, but it will be best to import them rather than to 
take a chance with inferior material. The sand or stone should 
be placed for the full width of the concrete slab. 

















REINFORCING NARROW CONCRETE ROADS. 


By JoHn W. MUELLER.* 








The subject of reinforcing concrete street pavements has 
already been thoroughly discussed, as evidence of which, reference 
may be made to the meeting of the National Conference on 
Concrete Road Building in February, 1914. At that meeting 
practically every committee report referred to the necessity of 
reinforcing concrete pavements and roads, some advocating the 
practice to a greater extent thau others on account of the par- 
ticular subjects treated, for example, the Committee on ‘“‘ Thick- 
ness, Crown and Grades” reported that pavements on clay soil 
should be reinforced with } to 3 lb. per sq. ft. of pavement, while 
the Committee on ‘Contraction and Expansion” reported 
extensively on the value of reinforcement in preventing cracks and 
the Committee on “Reinforcing for Concrete Roads” stated as 
follows: 

This committee is of the opinion that all concrete roadways should be 
reinforced with a fabricated reinforcement and undoubtedly regardless of 
width, a reinforced concrete roadway is superior to any other form of road. 

The Conference as a whole said, “‘when in doubt reinforce 
the pavement,’’ and adopted as one of the details of recom- 
mended practice under the subject of ‘ Reinforcing” as follows: 

The Conference is of the opinion that all roads exceeding 20 feet in width 
should preferably be reinforced with some form of metal fabric, etc. 

The meeting of the American Concrete Institute at their 
annual convention in February, 1914, tentatively adopted Stand- 
ard Specifications for Concrete Roads and Pavements, containing 
the following: 

Concrete pavements 20 feet and over in width shall be reinforced with 
metal fabric, etc. 

The reports of the several committees and the discussions at 
these two very important meetings held last year, resulted in 
advising the use of suitable fabricated steel reinforcement in all 
pavements 20 ft. or more in width; as a result reinforcement has 





* Consulting Engineer, Newcastle, Ind. 
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been recommended for pavements which generally are classed as 
city streets. 

Since wide pavements have been very carefully treated, and 
engineers are rapidly coming to the conclusion that these pave- 
ments must be reinforced, this paper will be devoted to concrete 
roadways narrower than 20 ft. In narrow roadways when rein- 
forcement has not been used, cracks do appear, and are objection- 
able, and should therefore be eliminated. 

The subject assigned is ‘ Reinforcing for Narrow Roads” 
and the first question that comes to mind is, ‘‘ Why should rein- 
forcement be used?” 

The primary reason why reinforcement is used or should be 
used in narrow as well as wide pavements is to eliminate or reduce 
to a minimum all cracks. The conditions causing cracks may be 
divided under several headings: 


1. Uncertain foundations. 


2. Changes in moisture content. 
3. Change during setting period. 
4. Temperature changes. 

5. Thickness of pavement. 

6. Length of slab. 


7. Irregular surface of subgrade. 


Under the heading ‘‘ Uncertain Foundations” may be classed 
such conditions as fresh fills, wet cuts, undrained roadways, soils 
of boggy nature and pavements built over an old roadbed of a 
lesser width than the new pavement. 

It is practically impossible to properly compact filled ground 
and prevent all settlement. Experience tends to show that poor 
results are often obtained when pavements are laid on fresh cuts 
or fills. In the majority of cases, new concrete pavements, when 
laid on country roads are placed over an old crushed stone or 
gravel roadbed that is narrower than the new work and even 
though the old bed be loosened to a depth of six to nine inches 
and rerolled, it is practically impossible to secure a finished 
subgrade which is safe against settlement or some shrinkage. 

During the spring of the year when the side ditches are most 
always filled with melting snow or water a great amount of mois- 
ture finds its way through the gravel or crushed stone bed at 
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each side of the roadbed and then into the soil under the pave- 
ment. The presence of this moisture produces expansion and 
the heat of summer brings the drying-out process which results 
in contraction. The movement of the soil under the pavement 
is both vertical and horizontal under such conditions, the magni- 
tude of which is governed by the nature of the soil and the 
variation in temperature. 

It has been found even where foundations have been given 
special attention in the way of draining off all surface water, that 
it is practically impossible to prevent the soil from absorbing 
some moisture, with a possible result of some vertical movement. 

Change in temperature and the moisture content produces a 
movement of the concrete slab and if this slab does not have 
sufficient strength to allow such movement, cracks must form. 
This condition is more dangerous with relatively thin slabs, and 
where there is a distance between transverse expansion joints 
of 50 ft. or more. 

Investigations made by the Office of Public Roads, U. 8. 
Department of Agriculture, and at University of Michigan by 
White on “Moisture Content” and in dimensional change in 
concrete during the hardening process, show results which amount 
to a maximum contraction for 1:2:4, concrete for six months as 
0.00068 in. per in. of length, a figure which goes far toward 
accounting for many cracks in concrete work where reinforcing 
has not been used. 

The change in dimension during the hardening process thus 
amounts to approximately .13 in. for a pavement 16 ft. in width 
and .41 in. for a pavement slab which is 50 ft. in length. Added 
to this difference in dimensions is that which is due to tempera- 
ture changes. 

We all know that it is practically impossible to bring a sub- 
grade to a smooth and perfect surface, and keep it in smooth 
condition until the concrete has been deposited. The sprinkling 
of the surface just before placing concrete is often necessary in 
order to keep the mortar from being drawn out by the dry sub- 
grade. During the process of sprinkling it is very easy to get a 
mud which may increase the irregularities over the area to be 
concreted. These depressions and variations of the subgrade 
offer added resistance to the free horizontal movement of the 





91 MUELLER ON REINFORCING NARROW CONCRETE Roaps. 


pavement slab when going through the changes in dimension as 
resulting from the hardening process and temperature changes. 

It has been the general practice in the past to construct 
narrow country roads without the use of reinforcement or any 
other means for preventing cracks except the use of transverse 
expansion joints placed from 25 to 35 ft. apart. Cracks that 
form in the slab have been filled with a tar or asphalt preparation. 
or in some cases neglected entirely. 

There are many good reasons why such practice is objection- 
able. The appearance of cracks in the slab weakens it as a wear- 
ing surface and in time results in a partial disintegration. These 
cracks require repairs in increasing amounts. The disagreeable 
appearance of such a pavement is unnecessary and does dis- 
courage taxpayers in that district from making further use of 
concrete as a wearing surface. 

Another objection to this method, especially for small road 
systems, is the lack of the necessary organization and equipment 
for proper attention to these repairs. In other words, the cracks 
will not be properly taken care of and the pavement will naturally 
suffer thereby. 

Reports prepared after careful examinations by officials 
connected with the largest systems of county road construction 
in the country, show out of over six thousand 25-ft. sections 
varying from one to four years in age, that at the time of exami- 
nation nearly 23 per cent of the sections were defective due to 
cracks of various kinds. About 15 per cent showed longitudinal 
cracks, 5.3 per cent transverse, and 2.4 per cent diagonal. One 
road over three years old had 60 per cent of the sections cracked, 
no reinforcement being used in this work. Although it is possible 
to repair these cracks with tar or asphalt so that for the present 
at least they appear to be giving excellent service, it is fair to 
assume that these necessary repairs will increase with the age of 
the pavement, and time alone will tell positively whether such 
methods were economical. 

By the use of suitable reinforcement to prevent these cracks, 
we have at a small additional cost secured a road of a much higher 
quality and one that will not require such constant attention to 
repairs. 

The great demand for a reduction in the maintenance cost of 
our country roads has been very successfully met in many locali- 
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ties by adopting concrete as a wearing surface. The results have 
been very satisfactory, except in such ¢ases as have been found, 
where the engineer endeavors to reduce the cost of the work by 
neglecting in his specifications the quality of aggregate, the proper 
preparation of the subgrade or the elimination of reinforcement. 

Reinforcement suitable for narrow country roadways can be 
purchased for from $.06 to $.08 per sq. yd., and considering the 
small additional first cost and advantages gained by the use of 
reinforcement in narrow concrete roadways, this type of con- 
struction is justified. 

With expansion joints 25 or 30 ft. apart, experience shows 
that from 50 to 75 per cent of the cracks that form in plain pave- 
ments are longitudinal and undoubtedly formed by vertical 
movement of some portion of the slab. 

Experience also shows that the reinforcement should be 
placed near the top of the slab to best take care of these 
conditions. 

Where the foundation is questionable and satisfactory drain- 
age is impossible it would be good practice to use reinforcement 
in the bottom of the slab also. 

Because of the impossibility of determining the true direction 
or location of greatest stress or the foundation conditions which 
may govern, it unquestionably is preferable to use a reinforcement 
giving the best possible distribution of the steel. In other words, 
the reinforcement should preferably have small members with 
close spacing. There is also a decided advantage in using a 
reinforcement having high elastic limit and tensile strength, as 
the steel in actual practice will be subjected to very high stresses. 

In roadways of 14 and 16 ft. width the writer has used a steel 
mesh giving an area of approximately .05 sq. in. per lin. ft. of 
slab in the transverse direction and .04 in the longitudinal direc- 
tion, with very satisfactory results. Various rules or theories for 
the selection of the proper amount of steel have been advanced 
with great confidence by several engineers and even with different 
methods of calculating they have all arrived at the same results. 
It is quite clear that reinforcement distributes the stress over the 
slab and if it is used in sufficient amount should prevent the 
cracks which are so objectionable to the wearing surface. It 
seems impossible to determine theoretically the exact amount of 
steel; therefore experience and experiments are the best guides. 
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If we as engineers intend to treat concrete pavements with 
the same degree of fairness as when using any other paving 
material, it will be necessary to give due consideration to the 
conditions which require the use of reinforcement. Concrete 
pavements for country roads will have a great future when a 
standard for this type of construction is perfected and adopted. 


EXAMPLES OF NARROW REINFORLED CONCRETE Roaps. 


DeKalb-Sycamore Road, DeKalb County, I/].—Built in 1912 
by the State. Reference: Cement Era, June, 1913, pp. 52-54 
inc. Approximately 200 ft. long, 12 ft. wide, 63 in thick. Rein- 
forcement: No. 26A Triangle Mesh Condition: reported to be 
absolutely free from cracks. 

Lee County, Tupelo, Miss.—Built in 1914. Approximately 
2 miles long, 9 ft. wide. Reinforcement: No. 28 Triangle Mesh. 
Condition: reported free from cracks. 

tichland County, Wis.—Built in 1914, Approximately 2000 
sq. yds. narrow road. Reinforcement: No.7 Triangle Mesh. 
Engineer, G. H. Mainwaring, County Highway Commission. 

Western Springs, Ill.—Built in 1913. Approximately 1000 
sq. yvds., width 15 ft. Reinforcement: No. 28 Triangle Mesh. 
Foundations: very poor, wet, boggy, soil. Condition: — free 
from eracks. Engineer—C. B. Williams, Chicago, Ill. 

Henry County, Ind.—Built in 1914. Approximately 3400 
sq. yds., 16 ft. wide. Reinforcement: No. 28 Triangle Mesh. 
Foundation on fill. Condition: free from cracks. Engineer, 
J. W. Mueller, Newcastle, Ind. 

In addition to the few pavements above listed are a large number of 
city pavements having street car tracks down the center, and in this way 
dividing the pavement into two narrow slabs, making them practically the 
same as if they were country roads. The following is an interesting example 

Port Huron, Mich.—Built in 1912. Reference, Engineering 
and Contracting, July 16, 1913. 9,000 sq. yds. pavement; width 
curb to curb, 36 ft. Pavement on each side of double track approx- 
imately 10 ft. wide. Thickness of pavement, 7 in. Reinforce- 
ment: No. 4 Triangle Mesh. Condition: free from cracks. 

After pavement was constructed and before the car tracks were com- 
pleted excessive rains saturated the clay soil foundation which later froze 
and heaved the pavement in some places as much as 2 in. In the spring, 
these slabs returned to original position and were absolutely free from cracks. 
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DISCUSSION. 


Mr. Rupotes J. Wic.—I would like to ask why the speaker mr. wig. 


recommended that the reinforcement be placed near the top of 
the slab. 


Mr. Joun W. MvELLER.—Experience has taught us where a mr. Mueller. 


roadway is crowned, or laid on a flat subgrade, and where the 
movement which resuits in cracks is caused by shrinkage and 
expansion of the subgrade along the outside of the roadway, that 
the movement is vertical and is greatest at the outside edges of 
the slab. The reinforcement has given better satisfaction when 
placed near the top of the slab. The movement is less at the sur- 
face, and the top of the slab will be gaging with the outside 
after settlement. 

Mr. Wic.—I do not understand why we need to reinforce 
the top of the slab to take care of movement due to variation in 
moisture or change in temperature. If the whole slab is approxi- 
mately the same temperature, the steel moves with the concrete 
as the temperature changes and there is no stress in the steel. 
Stress in the concrete results from frictional resistance to the 
subgrade and is maximum at the bottom of the slab or point of 
maximum restraint. Therefore the steel would offer greatest 
assistance to the concrete at or near the bottom of the slab. I do 
not believe we have had sufficient experience with concrete slabs 
in which reinforcing has been placed near the bottom to know its 
general efficiency. I would like to ask if the speaker can cite 
some cases where it has been used, and not found satisfactory. 

Mr. MveE.LLerR.—I intended to incorporate a list of pave- 
ments which have been investigated where reinforcement has 
been used; and will add that the paper which will be in the 
printed proceedings gives a list of some 6 cases where reinforce- 
ment was used near the top of the slab, and the pavements show 
no cracks. I have used reinforcement in the top of the slab in 
16 ft. roadways, and a pavement approximately 1 year old shows 
no cracks today. Of course, it is a little early yet. 
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Mr. C. P. Horr.—My work deals with roadways about 
30 ft. wide; would Mr. Mueller give me some cost data for rein- 
forcing concrete pavements of that width? 

Mr. Mvuetier.—The cost of wide pavements should be no 
greater than the cost of narrow pavements; if anything, it should 
be less, for the reason that each piece of mesh which is handled 
has more area and the cost of handling is less; so that on pave- 
ments wider than 16, 18 or 20 ft., the cost should be no greater. 
The only additional cost which might be considered would be 
that, in the event, the weight or area of steel due to local condi- 
tions, is greater. 

Mr. W. A. Cotiines.—I should like to ask Mr. Mueller if he 
could give us the size of wires in the wire fabric and the spacing 
in different thicknesses of slabs used with success. Also the 
spacing of the wire fabric and whether the heavy wires run trans- 
versely or longitudinally? 

Mr. MvueE.ier.—The longitudinal wires have a gage of 12 
and 123. I cannot remember the areas of the transverse or 
smaller wires. They are 14 gage I believe. 

I use the heavy wires transversely and the light wires 
longitudinally; and my specifications call for a lap of 3 in. between 
the mesh sheets. 

Mr. L. J. Menscu.—I wish to ask Mr. Mueller why he pre- 
fers triangular mesh to loose steel rods? 

Mr. MvuELLER.— Mesh gives a better distribution, and I think 
a wide distribution of the metal necessary. The rods would have 
to be very small, and the smaller the rods, the greater the stress 
per pound, and the greater the cost. Further, the placing of the 
rods would require some method, some template, or something, 
in order to hold them in position; whereas, the mesh is handled 
much easier and in my opinion has given better satisfaction. 

Mr. Menscu.—I beg to differ with Mr. Mueller. We are 
using rods in building construction, and we have the same condi- 
tions. We have used them in bank work where we had the same 
conditions. My experience is that I cannot get the best results 
in bank work if I do not reinforce it. Three-tenths of 1 per cent 
in a 5-in. slab is about 1} lbs. of steel per sq. ft. Steel costs at 
the present time $1.20. Say } rods are used; they usually cost 
$1.70. $1.70 times 1} would be $.18 to $.19 per sq. ft. 
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Mr. H. J. Kueviine.—I would like to ask how he handles 
wire mesh. From all I have seen, they have a great deal of 
trouble after unrolling it to make it stay in the pavement where 
they want it. Our pavement is 6 to 8 in. thick, and if we want 
it 14 in. from the top, I never saw anybody who could get it to 
stay within that 1} in. 

Mr. MvELLER.—That properly belongs to papers on the sub- 
ject of construction, and I thmk could probably be answered 
better through the discussion of papers pertaining to that subject. 

Mr. Percy H. Witson.—How is this reinforcement figured? 
As I understand it, the same weight of reinforcement is recom- 
mended for pavements, whether they are 8 or 80 ft. wide. The 
length of the pavement has nothing to do with the weight of the 
reinforcement. If the pavement is 100 ft. between joints the 
same weight of reinforcement is used as if the distance between 
joints is 25 ft. The thickness of the slab has nothing to do with 
the reinforcement, whether it is on a crown subbase 6 in. thick 
from one side to the other, or whether it is on a flat subbase, with 
6 in. at the side and 8 in. at the center, has nothing to do with the 
weight of reinforcing. Yet I cannot conceive but that those con- 
ditions in a concrete pavement have some effect on the movement 
of the pavement, and I would like to ask what has been done to 
determine scientifically the correct amount of reinforcing. 

Mr. Mvetier.—There are to my knowledge as many as 8 
experiments now in progress, some of which are about 6 months 
old, and some of which are almost a year old. I think that within 
the next 6 months we will be able to know more about the best 
manner of determining the amount of reinforcement in paving 
slabs. 

Mr. Witson.—Did I understand you to say that cracks did 
not appear in a reinforced pavement? 

Mr. MvE.uer.—I believe I made the statement that in cer- 
tain pavements which have been examined, which had been 
reinforced, and constructed in accordance with good practice 
that there was no objectionable cracks. We do not eliminate all 
cracks, for that is impossible; but when we minimize them they 
are not objectionable in the wearing surface. 

Mr. Witson.—In other words, reinforced pavements do 
crack, but the cracks are not objectionable, 
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Mr. Mvue.ier.—Yes; the cracks are so small that in most 
cases they cannot be found. 

Mr. Witson.—Reference was made to the effect which the 
thickness of the slab has on its cracking. What did you mean by 
that? 

Mr. MvELLER.—Some slabs under the present practice for 
a pavement 16 ft. wide, are built 7 in. from side to side. Pave- 
ments have been built with an average thickness of 5 in., pave- 
ments have been built 12 in. thick. The thinner the slab, the 
more reinforcement necessary; and the thicker the slab, the less 
reinforcement necessary. 

Mr. Witson.—I cannot understand that. In my opinion a 
thick slab is just as liable to crack as a thin one—perhaps not 
from temperature changes, because the tension in the concrete 
in a thick slab may be greater. Certainly, the greater the weight 
the harder it is to move, due to frost conditions along the edge. 
In that way I can see where there would be a difference in the 
cracking. The roughness or the smoothness of the subgrade 
was spoken of. I would like to have explained just what effect 
that has on the movement of the pavement itself. If the sub- 
grade is rough, and the pavement is laid early in the spring, I can 
see where a rough subgrade would prevent movement of pave- 
ment, which in turn would prevent cracks. If, on the other hand, 
the first action of the pavement is to contract—if the pavement is 
laid in the hot weather, I can see where roughness of subgrade 
might cause cracks. 

Mr. Mve.tier.—I am at the present time experimenting 
with a 16 ft. pavement, 73 in. center thickness, 6 in. at the sides 
where I am using tar paper for 4 sections 25 ft. in length, putting 
the tar paper on top of the subgrade, and then pouring the slab. 
The adjoming slab will be laid on a subgrade which has been 
rolled and sprinkled. I want to give my testimony with reference 
to that detail by reason of having so much trouble with workmen 
digging their heels into the wet subgrade, especially in very dry 
weather when it is very hot, and much water is used to cut down 
the heat in the aggregates as well as in the subgrade. On the 
piece of road where I used tar paper there were several bad holes 
in the subgrade. Those were footprints and two very fine cracks 
have appeared in that slab, none appearing in any other slab. 
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I purpose this coming summer to dig up both slabs and take data 
from the other side, as well as to watch the movement throughout 
this winter and next summer. 

Mr. Witson.—Was that pavement reinforced? 

Mr. MvuELLER.—-No. 

Mr. Witson.—One of the questions which is pertinent is 
how to repair a concrete road after a trench has been dug to put 
in mains of various kinds. We find in our municipal engineering 
work, as a rule, that people do not install water supply or sewers 
until after a street has been laid and is completely finished; and 
then they dig it up for sewers, and when it is relaid they dig it up 
for the gas, and when it is relaid again they dig it up for electric 
conduits. Do we know how to repair a reinforced concrete pave- 
ment, under such conditions? 

Mr. MvueEtier.— The only case of which I know where repair 
work was successful was in a trench where the specifications 
required the pavement to be cut in a wedge-shape, so that the new 
work corresponded to the old, and was not allowed to settle below 
it. In that way any settlement which took place in the trench did 
not affect the paving. 

Mr. C. H. Husprii.—With reference to reinforcement on 
an unstable subgrade, I have in mind one illustration of about 
four blocks, parallel to the Mississippi River, where the con- 
tractor used 4-ply fence wire. Standing on the subgrade, as a 
train went along the quake could be felt. However, the reinforce- 
ment has practically eliminated the cracks, except in places where 
water from the rear coming down the grade has gotten under and 
elevated it over a sewer trench. It is a little rough on the surface 
at the joints, but the reinforcement has practically eliminated 
the cracks. 

Mr. Wic.—With the assistance of Mr. William McIntyre, 
Engineer of the American Association of Portland Cement Manu- 
facturers, we laid several slabs last year at the Bureau of Stand- 
ards, with a very rough and a smooth subgrade. The rough one 
was produced by taking ballast and working it into the surface 
and then placing the concrete directly upon the ballast. Careful 
measurements on 10-in. gauged lengths are being taken over the 
entire slab. They were taken each day, for the first week but 
later at weekly and monthly intervals, and also at times of great 
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change in temperature. The work has not proceeded far enough 
to make any statement regarding results. 

Mr. Couiiines.—I have recently come from a tour of inspee- 
tion (in connection with the United States Government Engi- 
neers), of 7 miles of river revetment work, composed of concrete 
slabs 6 in. thick, reinforced with about number 10 and number 12 
gage wire, 4 x 4-in. square mesh fabric and some triangular. 
Even where in many cases we found the underfill entirely dropped 
away from the slab, the reinforcing has carried over and taken 
care of it without cracking. I speak of that with reference to the 
effect of water coming in from the back. I do not know of any 
cases, in that 7-mile stretch, where there is any cracking, expect 
the minute temperature cracks which we always find. It is 
doing successful work both in summer and in winter; has been in 
several years, I think now is the United States Standard revet- 
ment plan, and they will construct many miles this season. It is 
doing most successful work and the engineers attribute the success 
in the elimination of cracks to the reinforcing. I might mention 
in connection with this, that there have been some places where 
they have had to take out patches of concrete such as Mr. Wilson 
mentioned. They make a rule of cutting a square shoulder, not 
dovetailing it, half way down in the slab and the next slab fits 
right on to it, and they have no trouble. They attribute their 
success,—as does Mr. Mueller,—in the elimination of cracks, 
entirely to the wire mesh reinforcement. 

Mr. Frank C. Wiaut.—I would like to ask the last speaker 
if this revetment work is under any load, other than the head due 
to the river. 

Mr. Co.uinGs.—I would not be able to tell the amount of 
load, but it is a tremendous amount of water when the river is 
up. I speak of the Kaw River, in Kansas. This river is very 
treacherous, and sometimes comes up 16 or 18 ft. in a night. 

Mr. Wicut.—And this has had to carry a head of 16 ft. of 
the water? 

Mr. Co.tuinas.—Yes, and even more. The concrete slab 
on the bank is in some places 40 and 50 ft. long; with the river up, 
the load of water coming on the slab is very great and in addition 
to a very heavy current, there is often a tremendous amount of 
débris, consisting of logs, ice, etc.; and the work has proved 
very successful. 
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Mr. Kve.iinc.—I believe it is agreed that even with rein- 
forcing you get a certain number of cracks. Naturally these 
cracks come where the worst conditions exist. We make a prac- 
tice of not reinforcing roads, except where we have extreme condi- 
tions. I believe it difficult to justify the reinforcement of probably 
95 per cent of the roads which have not cracked to protect the 
remaining 5 per cent. Personally I do not think it necessary to 
reinforce a narrow road. 

Mr. Mvetier.—The one thing that has attracted me to 
reinforcement in country pavements has been the fact that every 
pavement which has been reinforced properly, has not cracked, 
or at least has not cracked so that it would injure the wearing 
surface; while pavements which have not been reinforced have 
eracked. That in itself would prove to me that the reinforced 
slab is best for pavement. The question of the amount of rein- 
forcement and its location is a matter for experiment and test. 

Mr. Joun Bownpircu, Jr.—It would seem too bad to get 
away from this subject without saying a little bit more about the 
spacing of this reinforcement, because I do believe that is a 
subject which is bothering a great many of us. There is one 
point in Mr. Mueller’s paper which I think would throw quite a 
little light on the subject. He mentioned the fact whether you 
scarcify macadam pavement, or roll a new subgrade, that there 
is a tendency to roll the middle more than the sides. In other 
words, the middle would be compacted more than the sides. 
Now, if that is true, the first main action in pavements is going 
to be a settlement at the sides. If there is to be a settlement at 
the sides, reinforcement should be placed so that it is in tension 
and the concrete in compression. Naturally, the top of the pave- 
ment is in tension, and the bottom in compression; consequently, 
if there are 2 in. at the top and 4 in. at the bottom, the steel is 
placed properly. Another condition is that resulting from tem- 
perature changes, or the absorption of moisture. In the great 
majority of cases the action is going to start at the top and 
naturally the steel should be near that action. While you may 
get moisture underneath, at the sides, it is not going to result in 
the condition that it will at the top. I believe that those two 
cardinal facts are enough to determine where we should place the 
reinforcement, so far as we know at the present time. Now, as 
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regards Mr. Wilson’s question about reinforcing pavement at all, 
in regard to the thickness, it would seem to me that there is some 
misunderstanding. We do not figure concrete under much ten- 
sion, probably not over 60 or 70 Ibs. to the sq. in., but it is known 
that there is a big tensile strength to concrete, or else the concrete 
pavements would not stand up. Then, too, as to the question of 
cracks, let us admit that reinforced pavement will crack slightly 
with reinforcing in it. While the conditions causing cracks in a 
pavement are not known while the amount of steel that is used to 
prevent any particular condition in a pavement is not known, 
as well as the physical conditions causing cracks, yet this cannot 
be disputed; an average amount of steel, enough to give a little 
regidity and body to the concrete must do some good. If steel 
can be put in at from $.06 to $.08 per yd., and prevent even 50 per 
cent of those cracks, we have accomplished something which will 
mean a minimum amount of money. Again, let it be supposed 
that even reinforced pavement does crack slightly. If there is 
high tensile steel in the pavement the only way that a crack can 
open up and become more serious than a small hair crack, is to 
tear that steel apart. Five or six hundredths of an in. of steel in 
concrete pavement makes it rigid and substantial, even though a 
hair crack does spread, and for that reason I believe that from 
$.06 to $.10 a yd. is going to prevent 50 per cent of the cracks 
from starting, and all cracks from becoming badly opened. 

Mr. Wuitep.—Concrete paving is more or less on trial, and 
if people see it cracking they are going to object to it, whether it 
does any real harm or not. Therefore, it is worth while for the 
people who handle it to spend a little extra money for the sake of 
preventing cracking, for its effect on public opinion, if for no other 
reason. Another suggestion which I would make is in regard to 
reinforcement; as Mr. Mueller said, reinforcement is to be used 
for several purposes; one is to reach over the soft spots in the 
subgrade. In that case a soft spot is better bridged over by rein- 
forcement in the bottom of the slab; but between the soft spots is 
a hard one, and if it is reinforced at the top it helps it the other 
way. Now, as to openings cut through for putting in sewer pipes, 
ete. Once in a while a pipe breaks, or some accident happens, 
and even though everything is all in, the pavement has to be 
opened and repairs made. In the City of Pittsburgh we made 
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a rule to cut the paving 1 ft. wider than the trench, so that there 
is that much space or that much shoulder to carry the slabbing 
that is rebuilt. We use ordinary block stone or asphalt paving, 
but the same thing would apply in the case of concrete paving. 
In cutting out concrete, I would suggest that a certain amount of 
the old reinforcement be allowed to remain, to bind the new piece 
with the old. 

Mr. Kent.—Why is it necesary to lap this reinforcement 
3in.? There is a loss of 6 in. of material. 

Mr. Wuitrep.—-Because the earth at the side of the trench 
will settle. It will carry the load of the slab much better than 
the filling in the trench, which is always sure to settle more or 
less. The object is too make it firm enough so that it will bridge 
over the trench. 

Mr. Kenr.—-I understand the object, but why that amount? 
There are 6 in. of material there. Is the reinforcement weaker on 
the outer edges than it is in the center? 

Mr. Mve.ier.—Wherever reinforcement is used and there 
is a joint made, in order to develop that reinforcement a lap is 
required; and conditions are such that many times there is a 
very small lap, probably 2 in. at one edge and nothing at the other. 
In order to provide for a sure lap, I would recommend 3 in. 

Mr. Co_nrncs.—We have found, in many cases, on a 40 ft. 
6 in. slab for river revetment on an earth bank foundation, that 
we can carry it along 100, 150, or 200 ft. without any expansion 
joints, without any trouble whatever when reinforced with woven 
wire fabric. The Government engineers are now figuring on doing 
away with expansion joints in that kind of work, because they are 
having such success, and they believe it is owing entirely to the 
wire fabric reinforcement. Their experience is tending toward 
having heavier wire fabric reinforcing in the slabs. They have 
not much data to go on, and they are just groping around. If it 
would be proper at this time, I should like to have a Committee 
of the Institute investigate this further. It is very interesting 
and valuable. 


Mr. W1G.—Mr. President, when a case is being tried in court, 
the evidence is presented. We have very little evidence of rein- 
forcing in concrete road slabs nor as to the correct amount to 
use, In the case of a new concrete road laid on an old concrete 
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road, the cracks in the old concrete road were sealed and the two 
slabs separated with a layer of sand. It showed continuous con- 
traction from June to October, the period over which measure- 
ments were taken; indicating that there was a continuous drying 
out of the slabs or a loss of moisture. There was no possibility of 
the absorption of moisture from below, for the old concrete was 
well drained underneath and along the sides. I believe, from 
measurements we have taken recently, there is very little moisture 
which penetrates the top of the slab. Most of the moisture is 
absorbed from below, except in cases of a long wet spell, and the 
entire ground is saturated; when moisture is absorbed both from 
above and below. From experiments which have been made on 
the permeability of concrete, we know that concrete of 1, 14 and 
3, or even 1, 2, and 4, with a skin of neat cement, is practically 
impervious to water. There is some absorption, but it is com- 
paratively slight. In regard to reinforcing for settlement in the 
subbase, I agree with the previous speaker, that the reinforcement 
should be at the top; but for movements in the slab due to change 
in temperature, or moisture, the remforcement should be at the 
bottom. 

Mr. Witson.—Mr. President, where reinforcement is lapped 
3 in. we do not lose 6 in. of reinforcing, but only 3 in., also if the 
pavement is properly drained, how does the moisture come in 
through the bottom of the pavement? 

Mr. Wic.—There have been many experiments made on the 
capillarity of the soil and it is not uncommon for the water to 
rise as much as 20 to 25 ft. Therefore, if the ground water in a 
soil of that type is within 15 or 20 ft. of the surface, the bottom 
surface may be continually damp, and be continually supplied 
with water by capillarity. If you have an open sandy soil, you 
would probably have very little moisture at the bottom. 

Mr. Couiiines.—lI forgot to mention just previous to this, 
that all our woven wire reinforcing is placed in the center of the 
6-in. slabs. We have obtained the best results that way. We 
think that plan takes full advantage of the compressive valu 
of the upper 3 in. of concrete for bridging over any sinking in the 
foundation and we figure that reinforcing at that point is better 
able to take care of the temperature stresses. 
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Mr. A. T. Gotpspeck.—Mr. Mueller mentioned a figure 
(0.00068, as the amount of contraction occurring in concrete when 
it drys out. Now, I happen to know something about the experi- 
ments in which this me surement was obtained. The specimens 
were very dry, and I do not believe that any concrete road would 
ever become as dry as the concrete in these. For this reason I do 


not believe that the amount of contraction in a concrete road, 
due to the drying of mcisture, would ever be as much as 0.00068 
in. per in. of length. 


Mr. Goldbeck. 
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STANDARD SPECIFICATIONS FOR ONE- 
COURSE CONCRETE HIGHWAY. 


I. MATERIALS. 


1. Cement.—The cement shall meet the requirements of the Cement. 
Standard Specifications for Portland Cement, adopted by the 
American Society for Testing Materials, August 16, 1909, with 
all subsequent amendments and additions thereto adopted by 
said Society and by this Institute. (Standard No. 1.) 

2. Aggregates.—Before delivery on the job, the contractor aggregates. 

shall submit to the engineer a fifty (50) lb. sample of each of the 
fine and coarse aggregates proposed for use. These samples shall 
be tested and if found to pass the requirements of the specifications 
similar material shall be considered as acceptable for the work. 
All aggregates used shall meet with the approval of the engineer 
and shall fulfil the requirements of these specifications. In no 
‘ase shall aggregates containing frost or lumps of frozen materials 
be used. 

Fine Aggregate.—Fine aggregate shall consist of natural sand Fine 
or screenings from hard, tough, durable crushed rock or gravel, 488esate- 
consisting of quartzite grains or other equally hard material graded 
from fine to coarse, with the coarse particles predominating. Fine 
aggregate, when dry, shall pass a screen having four (4) meshes 
per linear inch; not more than twenty-five (25) per cent shall 
pass a sieve having fifty (50) meshes per linear inch, and not more 
than five (5) per cent shall pass a sieve having one hundred (100) 
meshes per linear inch. Fine aggregate shall not contain vege- 
table or other deleterious matter nor more than three (3) per 
cent of clay or loam. 

Fine aggregate shall be of such quality that mortar composed 
of one (1) part Portland cement and three (3) parts fine aggregate, 
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by weight, when made into briquettes, shall show a tensile strength 
fat seven (7) and twenty-eight (28) days) at least equal to the 
strength of briquettes composed of one (1) part of the same cement 
and three (3) parts Standard Ottawa sand by weight. The 
percentage of water used in making the briquettes of cement and 
fine aggregate shall be such as to produce a mortar of the same 
consistency as that of the Ottawa sand briquettes of Standard 
consistency. In other respects all briquettes shall be made in 
accordance with the Report of Committee on Uniform Tests of 
Cement of the American Society of Civil Engineers. 

Coarse Aggregate.—Coarse aggregate shall consist of clean, 
hard, tough, durable crushed rock or gravel graded in size, free 
from vegetable or other deleterious matter, and shall contain no 
soft, flat or elongated particles. The size of the coarse aggregate 
shall be such as to pass a one and one-half (14) in. round opening 
and shall range from one and one-half (13) in. down, not more 
than five (5) per cent passing a screen having four (4) meshes per 
linear inch, and no intermediate sizes shall be removed. 

3. Mixed Aggregate-——Crusher-run stone, bank-run gravel or 
artificially prepared mixtures of fine and coarse aggregate shall 
not be used. 

4. Water.—Water shall be clean, free from oil, acid, alkali 
or vegetable matter. 

5. Reinforcement.—All reinforcement shall be free from exces- 
sive rust, scale, paint or coatings of any character which will 
tend to destroy the bond. All reinforcement shall develop an 
ultimate tensile strength of not less than seventy thousand 
(70,000) lb. per sq. in. and bend one hundred and eighty (180) 
degrees around one diameter and straighten without fracture. 

6. Joint Filler.—Joint filler shall consist of prepared strips 
of fibre matrix and bitumen, or similar material of approved qual- 
ity, one-quarter (}) in. in thickness. Where the joints are pro- 
tected with metal plates the joint filler shall be made to conform 
to the cross-section of the pavement and where unprotected joints 
are used, the width shall be at least one-half (4) in. greater than 
the thickness of the pavement at any point. 

7. Joint Protection Plates.—Soft steel plates for the protec- 
tion of the edges of the concrete at transverse joints shall be not 
less than two and one-half (23) in. in depth and not less than 
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one-eighth ({) in. nor more than one-quarter (4) in. average thick- 
ness. The plates shall be of such form as to provide for rigid 
anchorage to the concrete. The type and method of installation 
of joint protection plates shall be approved by the engineer. 

8. Shoulders —Materials for the construction of shoulders 
shall be approved by the engineer. 


Il. GRabINa. 

9. Defined.—Grading shall include all cuts, fills, ditches, bor- 
row pits, approaches and all earth or rock moving for whatever 
purpose where such work is an essential part of or necessary to 
the prosecution of the contract. 

10. Engineer's Stakes. Stakes will be set by the engineer 
for the center line, side of slopes, finished grade and other nec- 
essary points properly marked for the cut or fill. When the 
grade line is approached the final grade stakes will be set for 
which day’s notice must be given to the engineer. 

11. Excess Material.—Excess material shall be disposed of as 
directed by the engineer, the free haul not to exceed ft. 

12. Over-Haul.—Materials hauled a greater distance than the 
free haul from the place of excavation shall be paid for at the rate 
of cents per cu. vd. for each additional ft. 

13. Cuts and Fills.—In cuts the final grade shall be obtained 
by rolling with a roller weighing not less than five (5) nor more 
than ten (10) tons. The engineer shall determine the depth of 
material to be thus compacted. When a fill of one (1) ft. or less 
is required to bring the surface to grade, all vegetable or other 
perishable matter shall be removed before making the fill. 

Embankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers the first 
of which shall extend entirely across from the toe of the slope 
on one side to the toe of the slope on the other side and successive 
layers shall extend entirely across embankments from slope to 
slope. Each layer, which shall not exceed one (1) ft. in depth, 
shall be thoroughly rolled with a self-propelled roller weighing 
not less than five (5) nor more than ten (10) tons. The roller 
shall pass over the entire area of each layer of the fill at least 
twice. The sides of the embankment shall be. kept lower than 
thy ‘r during all stages of the work and the surface main- 
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tained in condition for adequate drainage. The use of muck, 
quicksand, soft clay or spongy material which will not consoli- 
date under the roller is prohibited. 

When the material excavated from the cuts is not sufficient 
to make the fills shown on the plans, the contractor shall furnish 
the necessary extra material to bring the fills to the proper width 
and grade. When the earth work is completed the cross-section 
of the roadbed shall conform to the cross-sectional drawings and 
profile attached hereto. 

14. Slopes.—All slopes must be properly dressed to lines 
given by the engineer. 


III. DRAINAGE. 


15. Drainage.-—The contractor shall construct such drain- 
age ditches as will insure perfect sub- and surface-drainage during 
construction and such work shall be completed to the satisfaction 
of the engineer, prior to the preparation of the roadbed, as herein 
specified. 

Tile drains shall be placed as shown in the drawings attached 
hereto. Tile to be laid in the trench at least ; 
cee ) in. wide and ee ) ft. deep below the 
established grade of the finished road. Such trench shall be 
back filled with crushed stone or pit run gravel, with fine material 
removed, which, after light tamping shall be 
(............) in. in depth. 

Open ditches must be constructed along the concrete road 
as shown on the attached drawing, the dimensions, side slopes 
and grade of said ditches being as shown on the cross-section 
drawings and profile attached hereto. 

At the time of the acceptance of the road, the ditches must 
be in perfect condition with clean slopes and bottom, containing 
no obstruction to the flow of water. 


IV. Sus-GRADE. 


16. Construction.—The bottom of the excavation or the top 
of the fill when completed shall be known as the sub-grade and shall 
be at all places true to the elevation as shown on the plans attached 
hereto. 
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The sub-grade shall be brought to a firm, unyielding surface by 
rolling the entire area with a self-propelled roller weighing not less 
than five (5) nor more than ten (10) tons, and all portions of the 
surface of the sub-grade which are inaccessible to the roller shall 
be thoroughly tamped with a hand tamp weighing not less than 
fifty (50) lb., the face of which shall not exceed one hundred (100) 
sq. in. in area. All soft, spongy or yielding spots and all vegetable 
or other perishable matter shall be entirely removed and the space 
refilled with suitable material. 

When considered necessary or of assistance in producing a 
compact, solid surface, the sub-grade before being rolled shall be 
well sprinkled with water. 

When the concrete pavement is to be constructed over an 
old roadbed composed of gravel or macadam, the latter shall be 
entirely loosened and the material spread for the full width of the 
roadbed and rolled. All interstices shall be filled with fine 
material and rolled to make a dense, tight surface of the roadbed. 

17. Acceptance.—-No concrete shall be deposited until the 
sub-grade is checked and accepted by the engineer. 


VY. Forms. 


18. Materials.—Metal or wooden forms shall be free from 
warp, of sufficient strength to resist springing out of shape, and 
shall be equal in width to the thickness of the pavement at the 
edges. Wooden forms shall be of not less than two (2)-in. stock, 
and shall be capped with two (2) in. angle iron. 

19. Setting.—The forms shall be well staked or otherwise 
held to the established line and grades, and the upper edges shall 
conform to the established grade of the road. 

20. Treatment.—All mortar and dirt shall be removed from 
the forms that have previously been used. 


VI. PAVEMENT SECTION. 

21. Width, Thickness of Concrete and Crown.—The concrete 
pavement shall be feet wide ) 
inches in depth at center, and ) inches 
in depth at the sides. The finished surface shall conform to the 
are of a circle, as shown on the plans attached hereto. 
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Nore.—Crown shall not be more than one one-hundredth (1/100) of 
the width. The thickness of the concrete at the edges shall not be less than 
six (6) in. 

VII. Jornts. 

22. Width and Location.—Transverse joints shall be one- 
quarter ({) in. in width and shall be placed across the pavement 
perpendicular to the center line, not more than thirty-six (36) 
ft. apart. All joints shall extend through the entire thickness of 
the pavement and shall be perpendicular to its surface. 

23. Joint Filler—All transverse joints shall be formed by 
inserting during construction and leaving in place the required 
thickness of joint filler, which shall extend through the entire 
thickness of the pavement. 

24. Protected Joints.*—The concrete at all transverse joints 
shall be protected with joint protection plates which shall be 
rigidly anchored to the concrete. The upper edges of the plates 
shall be even with each other and the adjoining surface of the 
concrete. All steel plates varying more than one-quarter (4) in. 
from the finished surface of the concrete, as shown on the plans 
attached hereto, shall be ground to meet the specified require- 
ments, or slabs in which such plates occur shall be removed and 
replaced with new material by the contractor at his expense. 

25. Unprotected Joints.*—All transverse joints shall extend 
through the entire thickness of the pavement and the filler shall 
project not less than one-half (3) in. above the finished surface. 
The concrete adjacent to these joints shall be finished with a wood 
float, which is divided through the center and which will permit 
finishing on both sides of the filler at the same time. Before the 
road is opened to traffic, joint filler shall be cut off to the height 


of one-quarter (4) in. above the surface of the road. 


VIII. Merasurinc MATERIALS AND MIxInG CONCRETE. 

26. Measuring Materials—The method of measuring the 
materials for the concrete, including water, shall be one which 
will insure separate and uniform proportions of each of the mate- 
rials at all times. A bag of Portland cement (94 lb. net) shall be 
considered one (1) cu. ft. 


* When specification ‘Protected Joints” is to be used, “Unprotected Joints” should be 
omitted, and vice versa. 
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27. Mixing.—The materials shall be mixed in a batch mixer 
of approved type and mixing shall continue after all materials 
are in the drum for at least one (1) minute at a minimum speed 
of twelve (12) revolutions per minute. The drum shall be com- 
pletely emptied before receiving materials for successive batches. 

28. Re-lempering.—Re-tempering of mortar or concrete which 
has partially hardened. that is, remixing with or without addi- 
tional materials or water, shall not be permitted. 

29. Proportions.—The concrete shall be mixed in the pro- 
portions of one (1) bag of Portland cement to not more than two 


Mixing. 


Re-tempering. 


Proportions. 


(2) cu. ft. of fine aggregate and not more than three (3) eu. ft.’ 


of coarse aggregate, and in no case shall the volume of the fine 
aggregate be less than one-half (4) the volume of the coarse 
aggregate. 

A cubie yard of concrete in place shall contain not less than 
one and seven-tenths (1.7) barrels of cement. 

The engineer shall compare the calculated amount of cement 
required according to these specifications and plans attached hereto 
with the amounts actually used in each section of concrete between 
successive transverse joints, as determined by actual count of the 
number of bags of cement used in each section. If the amount 
of cement used in any three (3) adjacent sections (between trans- 
verse joints) is less by more than two (2) per cent, or if the amount 
of cement used in one section is less by more than five (5) per 
cent of the amount hereinbefore required, the contractor shall 
remove all such sections and replace the same with new materials, 
according to these specifications, at his expense. 

30. Consistency.—The materials shall be mixed with sufficient 
water to produce a concrete which will hold its shape when struck 
off with a template. The consistency shall not be such as to cause 
a separation of the mortar from the coarse aggregate in handling. 


IX. REINFORCING. 

31. Reinforcing. Concrete pavements twenty (20) ft. or more 
in width, shall be reinforced. The cross-sectional area of the rein- 
forcing metal running parallel to the center line of the pavement 
shall amount to at least 0.038 sq. in. per ft., and the cross-sectional 
area of reinforcing metal which is perpendicular to the center line 
of the pavement shall amount to at least 0.049 sq. in. per ft. 


Consistency. 
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Reinforcing metal shall not be placed less than two (2) in. 
from the finished surface of the pavement and otherwise shall be 
placed as shown on the drawings attached hereto. The reinforcing 
metal shall extend to within two (2) in. of all joints, but shall not 
cross them. Adjacent widths of fabric shall be lapped not less 
than four (4) in. when the lap is made perpendicular to the center 
line of the pavement, and not less than one (1) ft. when the lap 
is made parallel to the center line of the pavement. 


X. PLaAcinac CONCRETE. 
Placing 32. Placing Concrete-—Immediately prior to placing the 
Concrete. concrete, the sub-grade shall be brought to an even surface. 
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The surface of the sub-grade shall be thoroughly wet, but shall 
show no pools of water when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly upon the 
sub-grade to the required depth and for the entire width of the 
pavement in successive batches and in a continuous operation 
without the use of intermediate forms or bulkheads between 
expansion joints. 

In case of a breakdown, concrete shall be mixed by hand to 
complete the section or an intermediate transverse joint placed 
as hereinbefore specified at the point of stopping work. Any 
concrete in excess of that needed to complete a section at the 
stopping of work shall not be used in the work. 
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33. Finishing.—The surface of the concrete shall be struck 
off by means of a template or strikeboard, which shall be moved 
with a combined longitudinal and cross-wise motion. When the 
strikeboard is within three (3) ft. of a transverse joint it shall 
be lifted to the joint and the pavement struck by moving the 
strikeboard away from the joint; any excess concrete shall be 
removed. Any holes, left by removing any material or device 
used in constructing the joint shall be immediately filled with 
mortar composed of one (1) part of cement and two (2) parts 
of fine aggregate. Concrete adjoining metal protection plates at 
transverse joints shall be dense ‘n character and shall be given 
a smooth finish with a steel trowel for a distance of six (6) in. 
each side of the joints. 

After being brought to the established grade with the tem- 
plate or strikeboard, the concrete shall be finished from a suitable 
bridge, no part of which shall come in contact with the concrete. 
The concrete shall be finished with a wood float in a manner to 
thoroughly compact it and produce a surface free from depres- 
sions or inequalities of any kind. The finished surface of the 
pavement shall not vary more than one-quarter (}) in. from the 
true shape. 

The edges of the pavement shall be rounded as shown on 
the cross-sectional drawings attached hereto. 


XI. Prorection. 

34. Curing and Protection.—Excepting as hereinafter specified, 
the surface of the pavement shall be sprayed with water as soon 
as the concrete is sufficiently hardened to prevent pitting, and shall 
be kept wet until an earth or other approved covering is placed. 
As soon as it can be done without damaging the concrete, the sur- 
face of the pavement shall be covered with not less than two (2) 
in. of earth or other material approved by the engineer, which 
cover shall be kept wet for at least ten (10) days. When deemed 
necessary or advisable by the engineer, freshly laid concrete shall 
be protected by canvas until such covering can be placed. 

Under the most favorable conditions for hardening in hot 
weather, the pavement shall be closed to traffic for at least fourteen 
(14) days, and in cool weather for an additional time, to be deter- 
mined by the engineer. 


Protection. 
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At the season of the year when the average temperature is 
below 50 degrees Fahrenheit, sprinkling and covering of the pave- 
ment may be omitted at the direction of the engineer. 

The contractor shall erect and maintain suitable barriers to 
protect the concrete from traffic and any part of the pavement 
damaged from traffic or other causes, occurring prior to its official 
acceptance, shall be repaired or replaced by the contractor at his 
expense, in a manner satisfactory to the engineer. Before the 
pavement is thrown open to traffic the covering shall be removed 
and disposed of as directed by the engineer. 

35. Temperature Below 35 Degrees Fahrenheit.—Concrete 
shall not be mixed or deposited when the temperature is below 
freezing. 

If at any time during the progress of the work the tempera- 
ture is, or in the opinion of the engineer, will, within twenty-four 
(24) hours drop to thirty-five (35) degrees Fahrenheit, the water 
and aggregates shall be heated, and precautions taken to protect 
the work from freezing for at least ten (10) days. In no case 
shall concrete be deposited upon a frozen sub-grade. 


XII. SHounpsErs. 

36. Construction.—When shoulders are required, they shall 
be built upon the properly prepared sub-grade, as shown on the 
profile and cross-sectional drawings attached hereto. The work 
shall be done to the entire satisfaction of the engineer. 





























STANDARD SPECIFICATIONS FOR ONE-COURSE 
CONCRETE STREET PAVEMENT. 


I. MATERIALS. 

1. Cement.—The cement shall meet the requirements of the 
Standard Specifications for Portland Cement, adopted by the 
American Society for Testing Materials, August 16, 1909, with 
all subsequent amendments and additions thereto adopted by 
said Society and by this Institute. (Standard No. 1.) 

2. Aggregates.—Before delivery on the job, the contractor 
shall submit to the engineer a fifty (50) lb. sample of each of the 
fine and coarse aggregates proposed for use. These samples shall 
be tested and if found to pass the requirements of the specifications 
similar material shall be considered as acceptable for the work. 
All aggregates used shall meet with the approval of the engineer 
and shall fulfill the requirements of these specifications. In no 
ease shall aggregates containing frost or lumps of frozen materials 
be used. 

Fine Aggregate.—Fine aggregate shall consist of natural sand 
or screenings from hard, tough, durable crushed rock or gravel, 
consisting of quartzite grains or other equally hard material graded 
from fine to coarse, with the coarse particles predominating. Fine 
aggregate, when dry, shall pass a screen having four (4) meshes 
per linear inch; not more than twenty-five (25) per cent shall 
pass a sieve having fifty (50) meshes per linear inch, and not more 
than five (5) per cent shall pass a sieve having one hundred (100) 
meshes per linear inch. Fine aggregate shall not contain vege- 
table or other deleterious matter nor more than three (3) per 
cent of clay or loam. 

Fine aggregate shall be of such quality that mortar composed 
of one (1) part Portland cement and three (3) parts fine aggregate, 
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by weight, when made into briquettes, shall show a tensile strength 
(at seven (7) and twenty-eight (28) days) at least equal to the 
strength of briquettes composed of one (1) part of the same cement 
and three (3) parts Standard Ottawa sand by weight. The 
percentage of water used in making the briquettes of cement and 
fine aggregate shall be such as to produce a mortar of the same 
consistency as that of the Ottawa sand briquettes of Standard 
consistency. In other respects all briquettes shall be made in 
accordance with the Report of Committee on Uniform Tests of 
Cement of the American Society of Civil Engineers. 

Coarse Aggregate.—Coarse aggregate shall consist of clean, 
hard, tough, durable crushed rock or gravel graded in size, free 
from vegetable or other deleterious matter, and shall contain no 
soft, flat or elongated particles. The size of the coarse aggregate 
shall be such as to pass a one and one-half (13) in. round opening 
and shall range from one and one-half (13) in. down, not more 
than five (5) per cent passing a screen having four (4) meshes per 
linear inch, and no intermediate sizes shall be removed. 

3. Mixed Aggregate.——Crusher-run stone, bank-run gravel or 
artificially prepared mixtures of fine and coarse aggregate shall 
not be used. 

4. Water.—Water shall be clean, free from oil, acid, alkali 
or vegetable matter. 

5. Reinforcement.—All reinforcement shall be free from exces- 
sive rust, scale, paint or coatings of any character which will 
tend to destroy the bond. All reinforcement shall develop an 
ultimate tensile strength of not less than seventy thousand 
(70,000) Ib. per sq. in. and bend one hundred and eighty (180) 
degrees around one diameter and straighten without fracture. 

6. Joint Filler.—The filler for all transverse joints shall con- 
sist of prepared strips of fibre matrix and bitumen or similar 
material of approved quality one-quarter (}) in. in thickness. 
Where the joints are protected with metal plates the joint filler 
shall be made to conform to the cross-section of the pavement 
and where unprotected transverse joints are used the width of 
the joint filler shall be at least one-half (3) in. greater than the 
thickness of the pavement at any point. The filler for longi- 
tudinal joints along the curb, where a separate curb is used, shall, 
at the discretion of the engineer, consist of the same material as 
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specified for the transverse joints or of bitumen which will not 
become soft enough to flow in hot weather or brittle in cold weather. 
The thickness of longitudinal joints filled with bitumen shall not 
be less than one-quarter (4) in. or more than three-quarter (#) in. 

7. Joint Protection Plates—Soft steel plates for the protec- 
tion of the edges of the concrete at transverse joints shall be not 
less than two and one-half (23) in. in depth and not less than 
one-eighth (2) in. nor more than one-quarter (4) in. average thick- 
ness. The plates shall be of such form as to provide for rigid 
anchorage to the concrete. The type and method of installation 
of joint protection plates shall be approved by the engineer. 


Il. GRADING. 

8. Defined.—Grading shall include all cuts, fills, approaches 
and all earth or rock moving for whatever purpose where such 
work is an essential part of or necessary to the prosecution of the 
contract. 

9. Engineer's Stakes.—Stakes will be set by the engineer for 
the center line, finished grades and other necessary points. 

10. Excess Material.—Excess material shall be disposed of as 
directed by the engineer, the free haul not to exceed _........ ft. 

11. Over-Haul.—Materials hauled a greater distance than the 
free haul from the place of excavation shall be paid for at the rate 
of cents per cu. yd. for each additional _.... ft. 

12. Cuts and Fills.—In cuts the final grade shall be obtained 
by rolling with a roller weighing not less than five (5) nor more 
than ten (10) tons. The engineer shall determine the depth of 
material to be thus compacted. When a fill of one (1) ft. or less 
is required to bring the surface to grade, all vegetable or other 
perishable matter shall be removed before making the fill. 

Kmbankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, each of 
which shall extend entirely across the width to be filled. Each 
layer, which shall not exceed one (1) ft. in depth, shall be thor- 
oughly rolled with a roller weighing not less than five (5) nor more 
than ten (10) tons before the succeeding layer is placed. The 
roller shall pass over the entire area of each layer of the fill at least 
twice. The use of muck, quicksand, soft clay, spongy or perishable 
material which will not consolidate under the roller, is prohibited. 
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When the material excavated from the cuts is not sufficient 
to make the fills shown on the plans, the contractor shall furnish 
the necessary extra material to bring the fills to the proper width 
and grade. When the earth work is completed the cross-section 
of the roadbed shall conform to the cross-sectional drawings and 
profile attached hereto. 

All approaches connecting the specified pavement with other 
streets or alleys intersecting shall also be cut or filled, and secured 
from settlement, to form a slope of not more than one (1) vertical 
to ten (10) horizontal, as shown on the profile and plans attached 
hereto. 


III. DRAINAGE. 


13. Drainage.—The contractor shall construct tile or other 
drains as shown in the drawings attached hereto. ‘Tile to be laid 
in the trench at least —..... son ) in. wide, and 

ean ) ft. deep below the top of the adjacent curb. 

Such trench shall be back filled with crushed stone or pit run 

gravel with sand removed, which after light tamping shall be 
( ) in. depth. 

14. Catch Basins.—All catch basins and manhole tops and 
all covers of openings of any kind shall be readjusted to the grade 
by the contractor at his expense. 


IV. Sus-GRADE. 


15.. Construction.—The bottom of the excavation or the top 
of the fill when completed shall be known as the sub-grade and shall 
be at all places true to the elevation as shown on the plans attached 
hereto. 

The sub-grade shall be brought to a firm, unyielding surface by 
rolling the entire area with a self-propelled roller weighing not less 
than five (5) nor more than ten (10) tons, and all portions of the 
surface of the sub-grade which are inaccessible to the roller shall 
be thoroughly tamped with a hand tamp weighing not less than 
fifty (50) lb., the face of which shall not exceed one hundred (100) 
sq. in. in area. All soft, spongy or yielding spots and all vegetable 
or other perishable matter shall be entirely removed and the space 
refilled with suitable material. 
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When considered necessary or of assistance in producing a 
compact, solid surface, the sub-grade before being rolled shall be 
well sprinkled with water. 

When the concrete pavement is to be constructed over an 
old pavement composed of gravel or macadam, the latter shall be 
entirely loosened and the material spread for the full width of the 
pavement and rolled. All interstices shall be filled with fine 
material and rolled to make a dense, tight surface. 

16. Acceptance.—No concrete shall be deposited until the 
sub-grade is checked and accepted by the engineer. 


V. Forms. 


17. Materials—Where forms are required, they shall be free 
from warp, of sufficient strength to resist springing out of shape. 
Wooden forms shall be of not less than two (2)-in. stock. 

18. Setting.—The forms shall be well staked or otherwise held 
to the established line and grades. Where the curb is to be con- 
structed integrally with the pavement, the upper edge of the side 
forms shall conform to the top of the curb. 

19. Treatment.—All mortar and dirt shall be removed from 
the forms that have previously been used. 


VI. PAVEMENT SECTION. 


20. Width, Thickness of Concrete and Crown.—The concrete 


pavement shall be ( ) ft. wide from face to 
face of curb, ) in. in depth at the center 
and ( ) in. in depth at the sides. The finished 


surface shall conform to the are of a circle as shown on the plans 
attached hereto. 


Note.—The thickness of the concrete at the gutter line shall not be 
less than six (6) in. When pavements twenty (20) ft. or less in width are 
to be built on approximately level ground and a flat sub-grade is to be used, 
sufficient fall for drainage at the sides of the pavement along the curb shall 
be provided by giving the roadbed the same grade as that proposed for the 
gutter. The crown of all pavements shall not be more than one one- 
hundredth (1/100) of the width except when deemed advisable by the engi- 
neer, the crown of a pavement built on a crowned sub-grade may be increased 
to one-fiftieth (1/50) of the width to provide sufficient fall for drainage along 
the sides of the pavement. 
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VII. Jornts. 

21. Width and Location.—Transverse joints shall be one- 
quarter ({) in. in width and shall be placed across the pavement 
perpendicular to the center line, not more than thirty-six (36) 
ft. apart. A longitudinal joint not less than one-quarter (4) in. 
wide shall be constructed between the curb and the pavement 
where a separate curb is used. All joints shall extend through the 
entire thickness of the pavement and shall be perpendicular to its 
surface. 

22. Joint Filler—aAll transverse joints shall be formed by 


.inserting during construction and leaving in place the required 
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thickness of prepared strips of fibre matrix and bitumen or other 
similar material of approved quality, which shall extend through 
the entire thickness of the pavement and the entire thickness and 
height of the integral curb when the latter is specified. 

Longitudinal joints along the curb, where a separate curb is 
specified, shall, at the discretion of the engineer, be formed in the 
same manner as transverse joints or constructed by filling with 
bitumen as before specified. 

23. Protected Joints.*—The concrete at all transverse joints 
shall be protected with joint protection plates which shall be 
rigidly anchored to the concrete. The upper edges of the plates 
shall be even with each other and the adjoining surface of the 


* When the specification ‘ Protected Joints” is to be used, ‘‘ Unprotected Joints” should be 
omitted, and vice versa. 
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concrete. All steel plates varying more than one-quarter (}) in. 
from the finished surface of the concrete, as shown on the plans 
attached hereto, shall be ground to meet the specified require- 
ments, or slabs in which such plates occur shall be removed and 
replaced with new material by the contractor at his expense. 

24. Unprotected Joints.*—All transverse joints shall extend 
through the entire thickness of ~~ pavement and the filler shall 
project not less than one-half (3) in. above the finished surface. 
The concrete adjacent to these Ade shall be finished with a wood 
float, which is divided through the center and which will permit 
finishing on both sides of the filler at the same time. Before the 
pavement is opened to traffic, joint filler shall be cut off to the 
height of one-quarter ({) in. above the surface of the pavement. 
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INTEGRAL CURB TO BE USED WHEN SPECIFIED. 


VIII. Merasurtnc MATERIALS AND MIXING CONCRETE. 


25. Measuring Materials—The method of measuring the 
materials for the concrete, including water, shall be one which 
will insure separate and uniform proportions of each of the mate- 
rials at all times. A bag of Portland cement (94 lb. net) shall be 
considered one (1) cu. ft. 

26. Mixing.—The materials shall be mixed in a batch mixer 
of approved type and mixing shall continue after all materials 
are in the drum for at least one (1) minute at a minimum speed 
of twelve (12). revolutions per minute. The drum shall be 
completely emptied before receiving materials for successive 
batches. 


* When the specification ‘‘ Protected Joints”’ is to be used, ‘‘ Unprotected Joints” should 
be omitted, and vice versa. 
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27. Re-tempering.—Re-tempering of mortar or concrete which 
has partially hardened, that is, remixing with or without addi- 
tional materials or water, shall not be permitted. 

28. Proportions.—The concrete shall be mixed in the pro- 
portions of one (1) bag of Portland cement to not more than two 
(2) cu. ft. of fine aggregate and not more than three (3) cu. ft. 
of coarse aggregate, and in no case shall the volume of the fine 
aggregate be less than one-half (3) the volume of the coarse 
aggregate. 

A eubie yard of concrete in place, including that in integral 
curbs when same are used, shall contain not less than one and 
seven-tenths (1.7) barrels of cement. 

The engineer shall compare the calculated amount of cement 
required according to these specifications and plans attached hereto 
with the amounts actually used in each section of concrete (includ- 
ing integral curbs when used) between successive transverse joints, 
as determined by actual count of the number of bags of cement 
used in each section. If the amount of cement used in any three 
(3) adjacent sections (between transverse joints) is less by more 
than two (2) per cent, or if the amount of cement used in any one 
section is less by more than five (5) per cent of the amount here- 
inbefore required, the contractor shall remove all such sections 
and replace the same with new materials, according to these 
specifications, at his expense. 

29. Consistency.—The materials for the pavement shall be 
mixed with sufficient water to produce a concrete which will hold 
its shape when struck off with a template. The consistency shall 
not be such as to cause a separation of the mortar from the coarse 
aggregate in handling. 


IX. REINFORCING. 

30. Reinforcing.—Concrete pavements twenty (20) ft. or more 
in width, shall be reinforced. The cross-sectional area of the rein- 
forcing metal running parallel to the center line of the pavement 
shall amount to at least 0.038 sq. in. per ft., and the cross-sectional 
area of reinforcing metal which is perpendicular to the center line 
of the pavement shall amount to at least 0.049 sq. in. per ft. 

Reinforcing metal shall not be placed less than two (2) in. 
from the finished surface of the pavement and otherwise shall be 








h 
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placed as shown on the drawings attached hereto. The reinforcing 
metal shall extend to within two (2) in. of all joints, but shall not 
cross them. Adjacent widths of fabric shall be lapped not less 
than four (4) in. when the lap is made perpendicular to the center 
line of the pavement, and not less than one (1) ft. when the lap 
is made parallel to the center line of the pavement. 


X. PiLactnc CONCRETE. 

31. Placing Concrete—Immediately prior to placing the 
concrete, the sub-grade shall be brought to an even surface. 
The surface of the sub-grade shall be thoroughly wet, but shall 
show no pools of water when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly upon the 
sub-grade to the required depth and for the entire width of the 
pavement in successive batches and in a continuous operation 
without the use of intermediate forms or bulkheads between 
expansion joints. 

In case of a breakdown, concrete shall be mixed by hand to 
complete the section or an intermediate transverse joint placed 
as hereinbefore specified ar the point of stopping work. Any 
concrete in excess of that needed to complete a section at the 
stopping of work shall not be used in the work. 

32. Finishing.—The surface of the concrete shall be struck 
off for the entire width of the pavement and from back to back of 
integral curbs when used, by means of a template or strikeboard. 
Any holes left by removing any material or device used in con- 
structing the joint shall be immediately filled with mortar com- 
posed of one (1) part cement and two (2) parts of fine aggregate. 
Concrete adjoining metal protection plates at transverse joints 
shall be dense in character and shall be given a smooth finish with 
a steel trowel for a distance of six (6) in. on each side of the 
joints. 

After being brought to the established grade with the tem- 
plate or strikeboard, the concrete shall be finished from a suitable 
bridge, no part of which shall come in contact with the concrete. 
If approved by the engineer, the contractor may use a mechanical 
striking and finishing machine. The concrete shall be finished 
with a wood float in a manner to thoroughly compact it and pro- 
duce a surface free from depressions or inequalities of any kind. 
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The finished surface of the pavement shall not vary more than 
one-quarter (4) in. from the true shape. 


XI. INTEGRAL CuRB. 

33. Construction.*—An integral curb shall be constructed, as 
shown on the attached drawings, to the established grade and in a 
continuous line on each side of the street ) 
ft. from and parallel to the center line thereof, except at all inter- 
sections of streets, alleys, and driveways where it shall be returned 
to the street line and at these intersections it shall be rounded to 
such a radius as the engineer may direct. 

The concrete for integral curbs shall be of the same materials 
and proportions as that required for the pavement. 

After striking off the pavement, the concrete for that portion 
of the integral curbs above the gutter line shall be immediately 
deposited. 

The top and inside surface of integral curbs shall be given a 
smooth finish and completed with the pavement to the point of 
stopping each day’s work. 


XI. PROTECTION. 

33. Curing and Protection. —Excepting as hereinafter specified, 
the surface of the pavement shall be sprayed with water as soon 
as the concrete is sufficiently hardened to prevent pitting, and shall 
be kept wet until an earth or other approved covering is placed. 
As soon as it can be done without damaging the concrete, the sur- 
face of the pavement shall be covered with not less than two (2) 
in. of earth or other material approved by the engineer, which 
cover shall be kept wet for at least ten (10) days. When deemed 
necessary or advisable by the engineer, freshly laid concrete shall 
be protected by canvas until such covering can be placed. 

Under the most favorable conditions for hardening in hot 
weather, the pavement shall be closed to traffic for at least fourteen 
(14) days and in cool weather for an additional time, to be deter- 
mined by the engineer. 

At the season of the year when the average temperature is 
below 50 degrees Fahrenheit, sprinkling and covering of the pave- 
ment may be omitted at the direction of the engineer. 


* Article 33 to be omitted if separate curb is specified. 
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The contractor shall erect and maintain suitable barriers to 
protect the concrete from traffic and any part of the pavement 
damaged from traffic or other causes, occurring prior to its official 
acceptance, shall be repaired or replaced by the contractor at his 
expense, in a manner satisfactory to the engineer. Before the 
pavement is thrown open to traffic the covering shall be removed 
and disposed of as directed by the engineer. 

34. Temperature Below 85 Degrees Fahrenheit.—Concrete 
shall not be mixed or deposited when the temperature is below 
freezing. 

If at any time during the progress of the work the tempera- 
ture is, or in the opinion of the engineer will, within twenty-four 
(24) hours drop to thirty-five (35) degrees Fahrenheit, the water 
and aggregates shall be heated, and precautions taken to protect 
the work from freezing for at least ten (10) days. In no case 
shall concrete be deposited upon a frozen sub-grade. 
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STANDARD SPECIFICATIONS FOR TWO-COURSE 
CONCRETE STREET PAVEMENT. 


I. MATERIALS. 


1. Cement.—The cement shall meet the requirements of the 
Standard Specifications for Portland Cement, adopted by the 
American Society for Testing Materials, August 16, 1909, with 
all subsequent amendments and additions thereto adopted by 
said Society and by this Institute. (Standard No. 1.) 

2. Aggregates.—Before delivery on the job, the contractor 
shall submit to the engineer a fifty (50) lb. sample of each kind 
of aggregate proposed for use. These samples shall be tested and 
if found to pass the requirements of the specifications similar 
material shall be considered as acceptable for the work. All aggre- 
gates used shall meet with the approval of the engineer and shall 
fulfill the requirements of these specifications. In no case shall 
aggregates containing frost or lumps of frozen materials be used. 

Fine Aggregate.—Fine aggregate shall consist of natural sand 
or screenings from hard, tough, durable crushed rock or gravel, 
consisting of quartzite grains or other equally hard material graded 
from fine to coarse, with the coarse particles predominating. Fine 
aggregate, when dry, shall pass a screen having four (4) meshes 
per linear inch; not more than twenty-five (25) per cent shall 
pass a sieve having fifty (50) meshes per linear inch, and not more 
than five (5) per cent shall pass a sieve having one hundred(100) 
meshes per linear inch. Fine aggregate shall not contain vege- 
table or other deleterious matter nor more than three (3) per 
cent of clay or loam. 

Fine aggregate shall be of such quality that mortar composed 
of one (1) part Portland cement and three (3) parts fine aggregate, 
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by weight, when made into briquettes, shall show a tensile strength 
(at seven (7) and twenty-eight (28) days) at least equal to the 
strength of briquettes composed of one (1) part of the same cement 
and three (3) parts Standard Ottawa sand by weight. The 
percentage of water used in making the briquettes of cement and 
fine aggregate shall be such as to produce a mortar of the same 
consistency as that of the Ottawa sand briquettes of Standard 
consistency. In other respects all briquettes shall be made in 
accordance with the Report of Committee on Uniform Tests of 
Cement of the American Society of Civil Engineers. 

Coarse Aggregate——Coarse aggregate shall consist of clean, 
hard, durable crushed rock or gravel graded in size, free from 
vegetable or other deleterious matter, and shall contain no soft, 
flat or elongated particles. The size of the coarse aggregate 
shall be such as to pass a one and one-half (13) in. round opening 
and shall range from one and one-half (13) in. down, not more 
than five (5) per cent passing a screen having four (4) meshes per 
linear inch. 

No. 1. Aggregate for Wearing Course.—No. 1 aggregate for the 
wearing course shall consist of clean, hard, tough, durable crushed 
rock or gravel, free from vegetable matter, and shall contain no 
soft, flat or elongated particles. It shall pass, when dry, a screen 
having one-half (3) in. openings and not more than ten (10) per 


t) in. Openings. 


cent shall pass a screen having one-quarter | 

No. 2. Aggregate for Wearing Course.—No. 2 aggregate for the 
wearing course shall consist of clean, hard, tough, durable crushed 
rock or gravel graded in size, free from vegetable or other delete- 
rious matter, and shall contain no soft, flat or elongated particles. 
The size of No. 2 coarse aggregate shall be such as to pass a one 
(1) in. round opening and shall range from one (1) in. down, not 
more than five (5) per cent passing a screen having four (4 
meshes per linear inch and no intermediate sizes shall be removed. 

3. Mixed Aggregate.—Crusher-run stone, bank-run gravel or 
artificially prepared mixtures of fine and coarse aggregate shall 
not be used. 

4. Water.—Water shall be clean, free from oil, acid, alkali 
or vegetable matter. 

5. Reinforcement.—All reinforcement shall be free from exces- 


sive rust, scale, paint or coatings of any character which will 
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tend to destroy the bond. All reinforcement shall develop an 
ultimate tensile strength of not less than seventy thousand 
(70,000) lb. per sq. in. and bend one hundred and eighty (180) 
degrees around one diameter and straighten without fracture. 

6. Joint Filler —The filler for all transverse joints shall con- 
sist of prepared strips of fibre matrix and bitumen or similar 
material of approved quality one-quarter (}) in. in thickness. 
Where the joints are protected with metal plates the joint filler 
shall be made to conform to the cross-section of the pavement 
and where unprotected transverse joints are used the width of 
the joint filler shall be at least one-half (3) in. greater than the 
thickness of the pavement at any point. The filler for longi- 
tudinal joints along the curb, where a separate curb is used, shall, 
at the discretion of the engineer, consist of the same material as 
specified for the transverse joints or of bitumen which will not 
become soft enough to flow in hot weather or brittle in cold weather. 
The thickness of longitudinal joints filled with bitumen shall not be 
less than one-quarter (4) in. or more than three-quarter (#) in. 

7. Joint Protection Plates.—Soft steel plates for the protec- 
tion of the edges of the concrete at transverse joints shall be not 
less than two and one-half (23) in. in depth and not less than 
one-eighth (}) in. nor more than one-quarter (4) in. average thick- 
ness. The plates shall be of such form as to provide for rigid 
anchorage to the concrete. The type and method of installation 
of joint protection plates shall be approved by the engineer. 


II. GRADING. 


8. Defined.—Grading shall include all cuts, fills, approaches 
and all earth or rock moving for whatever purpose where such 
work is an essential part of or necessary to the prosecution of the 
contract. 

9. Engineer's Stakes.—Stakes will beset by the engineer for 
the center line, finished grades and other necessary points. 

10. Excess Material.—Excess material shall be disposed of as 
directed by the engineer, the free haul not to exceed ft. 

11. Over-Haul.—Materials hauled a greater distance than the 
free haul from the place of excavation shall be paid for at the rate 
of cents per cu. yd. for each additional . ft. 
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12. Cuts and Fills.—In cuts the final grade shall be obtained 
by rolling with a roller weighing not less than five (5) nor more 
than ten (10) tons. The engineer shall determine the depth of 
material to be thus compacted. When a fill of one (1) ft. or less 
is required to bring the surface to grade, all vegetable or other 
perishable matter shall be removed before making the fill. 

Embankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, each of 
which shall extend entirely across the width to be filled. Hach 
layer, which shall not exceed one (1) ft. in depth, shall be thor- 
oughly rolled with a roller weighing not less than five (5) nor more 
than ten (10) tons before the succeeding layer is placed. The 
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roller shall pass over the entire area of each layer of the fill at least 
twice. The use of muck, quicksand, soft clay, spongy or perishable 
material which will not consolidate under the roller, is prohibited. 

When the material excavated from the cuts is not sufficient 
to make the fills shown on the plans, the contractor shall furnish 
the necessary extra material to bring the fills to the proper width 
and grade. When the earth work is completed the cross-section 
of the roadbed shall conform to the cross-sectional drawings and 
profile attached hereto. 

All approaches connecting the specified pavement with other 
streets or alleys intersecting shall also be cut or filled, and secured 
from settlement, to form a slope of not more than one (1) vertical 
to ten (10) horizontal, as shown on the profile and plans attached 
hereto. 
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Ill. DRatnaGe. 

13. Drainage.—The contractor shall construct tile or other 
drains as shown in the drawings attached hereto. ‘Tile to be laid 
in the trench at least - (....) In. wide, and 
( ..) ft. deep below the top of the adjacent curb. Such 
trench shall be back filled with crushed stone or pit run gravel 
with sand removed, which after light tamping shall be 

( ) in. in depth. 

14. Catch Basins.—All catch basins and manhole tops and 
all covers of openings of any kind shall be readjusted to the grade 
by the contractor at his expense. 
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INTEGRAL CURB TO BE USED WHEN SPECIFIED. 


IV. Sus-GRrapDeE. 


15. Construction.-The bottom of the excavation or the top sub-Grade. 


of the fill when completed shall be known as the sub-grade and shall 
be at all places true to the elevation as shown on the plans attached 
hereto. 

The sub-grade shall be brought to a firm, unyielding surface by 
rolling the entire area with a self-propelled roller weighing not less 
than five (5) nor more than ten (10) tons, and all portions of the 
surface of the sub-grade which are inaccessible to the roller shall 
be thoroughly tamped with a hand tamp weighing not less than 
fifty (50) lb., the face of which shall not exceed one hundred (100) 
sq. in. inarea. All soft, spongy or yielding spots and all vegetable 
or other perishable matter shall be entirely removed and the space 
refilled with suitable material. 

». When considered necessary or of assistance in producing a 
compact, solid surface, the sub-grade before being rolled shall be 
well sprinkled with water. 
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When the concrete pavement is to be constructed over an 
old pavement composed of gravel or macadam, the latter shall be 
entirely loosened and the material spread for the full width of the 
pavement and rolled. All interstices shall be filled with fine 
material and roiled to make a dense, tight surface of the roadbed 

16. Acceptance-—No concrete shall be deposited until the 
sub-grade is checked and accepted by the engineer. 


V. Forms. 


17. Materials —Where forms are required, they shall be free 
from warp, of sufficient strength to resist springing out of shape; 
wooden forms shall be of not less than two (2) in. stock, 

18. Setting.—The forms shall be well staked or otherwise 
held to the established line and grades. Where the curb is to be 
constructed integrally with the pavement, the upper edge of the 
side forms shall conform to the top of the curb. 

19. Treatment.—All mortar and dirt shall be removed from 
the forms that have previously been used. 


VI. PAVEMENT SECTION. 


20. Width, Thickness of Concrete and Crown.—The concrete 


pavement shall be - ) feet wide from face 
to face of curb. The base of the concrete pavement shall be 
PS Ae oe aN ) inches in depth at the center, and 

mers (_.........) Inches in depth at the sides. The 
wearing course shall be of -.-.........-2.2...- (_.........) inches uni- 


form thickness. The finished surface shall conform to the are 
of a circle as shown on the plans attached hereto. 


Note.—The minimum thickness of the concrete base shall be not less 
than five (5) in. and the minimum thickness of the wearing course shall be 
not less than two (2) in. When pavements twenty (20) ft. or less in width 
are to be built on approximately level ground and a flat sub-grade is to be 
used, sufficient fall for drainage at the sides of the pavement along the curb 
shall be provided by giving the roadbed the same grade as that proposed for 
the gutter. The crown of all pavements shall not be more than one one- 
hundredth (1/100) of the width, except, when deemed advisable by the 
engineer, the crown of a pavement built on a crowned sub-grade may be 
increased to one-fiftieth (1/50) of the width to provide sufficient fall for 
drainage along the sides of the pavement at the curb. 











SPECIFICATIONS FOR Two-CouRSE CONCRETE PAVEMENT. 137 


VII. Joints. 


21. Width and Location—Transverse joints shall be one- 


quarter ({) in. in width and shall be placed across the pavement 
perpendicular to the center line, not more than thirty-six (36) 
ft. apart. A longitudinal joint not less than one-quarter (4) in. 
wide shall be constructed between the curb and the pavement 
where a separate curb is used. All joints shall extend through the 
entire thickness of the pavement and shall be perpendicular to 
its surface. 

22. Joint Filler.—All transverse joints shall be formed by 
inserting during construction and leaving in place the required 
thickness of prepared strips of fibre matrix and bitumen or other 
similar material of approved quality, which shall extend through 
the entire thickness of the pavement and the entire thickness and 
height of the integral curb when the latter is specified. 

Longitudinal joints along the curb, where a separate curb 
is specified, shall, at the discretion of the engineer, be formed in 
the same manner as transverse joints or constructed by filling 
with bitumen as before specified. 

23. Protected Joints.*—The concrete at all transverse Joints 
shall be protected with joint protection plates which shall be 
rigidly anchored to the concrete. The upper edges of the plates 
shall be even with each other and the adjoining surface of the 
concrete. All steel plates varying more than one-quarter (4) in. 
from the finished surface of the concrete, as shown on the plans 
attached hereto, shall be ground to meet the specified require- 
ments, or slabs in which such plates occur shall be removed and 
replaced with new material by the contractor at his expense. 

24. Unprotected Joints.*—All transverse joints shall extend 
through the entire thickness of the pavement and the filler shall 
project not less than one-half (3) in. above the finished surface. 
The concrete adjacent to these joints shall be finished with a wood 
float, which is divided through the center and which will permit 
finishing on both sides of the filler at the same time. Before the 
pavement is opened to traffic, joint filler shall be cut off to the 
height of one-quarter (1) in. above the surface of the pavement. 


* When the specification ‘Protected Joints” is to be used, “ Unprotected Joints’’ should 
be omitted, and ice_versq 
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VIII. Mrasurtnc MATERIALS AND MIxING CONCRETE. 


25. Measuring Materials—The method of measuring the 
materials for the concrete, including water, shall be one which 
will insure separate and uniform proportions of each of the mate- 
rials at all times. A bag of Portland cement (94 lb. net) shall be 
considered one (1) cu. ft. 

26. Mixing.—The materials shall be mixed in a batch mixer 
of approved type and mixing shall continue after all materials 
are in the drum for at least one (1) minute at a minimum speed 
of twelve (12) revolutions per minute. The drum shall be com- 
pletely emptied before receiving materials for successive batches. 

27. Re-tempering.—Re-tempering of mortar or concrete which 
has partially hardened, that is, remixing with or without addi- 
tional materials or water, shall not be permitted. 

28. Consistency—The materials for the pavement shall be 
mixed with sufficient water to produce a concrete which will hold 
its shape when struck off with a template. The consistency shall 
not be such as to cause a separation of the mortar from the 
aggregate in handling. 

29. Cement Required——A cubic yard of concrete base in 
place shall contain at least one and four-tenths (1.4) barrels of 
cement.) A cubic yard of “No. 1 Mix Wearing Course”’ in place 
shall contain at least two and ninety-seven hundredths (2.97) 
barrels of cement and a cubic yard of “No. 2 Mix Wearing 
Course”’ in place shall contain at least two and one-tenth (2.1) 
barrels of cement. 

The engineer shall compare the calculated amount of cement 
required according to these specifications and plans attached 
hereto, with the amounts actually used in each section of con- 
crete (including integral curbs when used) between successive 
transverse joints, as determined by actual count of the number 
of bags of cement used in each section. If the amount of cement 
used in any three (3) adjacent sections (between tranverse joints) 
is less by more than two (2) per cent or if the amount of cement 
used in any one section is less by more than five (5) per cent 
of the amount hereinbefore required, the contractor shall remove 
all such sections and replace the same with new materials, accord- 
ing to these specifications, at his expense, 
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IX. REINFORCING. 

e 30. Reinforcing.—Concrete pavements twenty (20) ft. or more Reinforcing. 
in width, shall be reinforced. The cross-sectional area of the rein- 

forcing metal running parallel to the center line of the pavement 


, shall amount to at least 0.038 sq. in. per ft., and the cross-sectional 
area of reinforcing metal which is perpendicular to the center line 

, of the pavement shall amount to at least 0.049 sq. in. per ft. 

Reinforcing metal shall be placed between base and wearing 


course and shall be not less than two (2) in. from the finished sur- 
face of the pavement and otherwise shall be placed as shown on 
the drawings. The reinforcing metal shall extend to within two 
(2) in. of all joints, but shall not cross them. Adjacent widths of 
fabric shall be lapped not less than four (4) in. when the lap is 
made perpendicular to the center line of the pavement and not 
less than one (1) ft. when the lap is made parallel to the center 
line of the pavement. 


X. PLActnc CONCRETE. 
CONCRETE FOR BASE. 


31. Proportions.—The concrete shall be mixed in the pro- placing 
portions of one (1) bag of Portland cement to not more than ©om«rete. 
two and one-half (23) cu. ft. of fine aggregate, and not more than 
four (4) cu. ft. of coarse aggregate, and in no case shall the volume 
of the fine aggregate be less than one-half (3) the volume of the 
coarse aggregate. 

32. Placing Aggregate——Immediately prior to placing the 
concrete, the sub-grade shall be brought to an even surface. The 
surface of the sub-grade shall be thoroughly wet, but shall show 
no pools of water when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly upon the 
sub-grade to the required depth and for the entire width of the 
pavement in successive batches and in a continuous operation 
without the use of intermediate forms or bulkheads between 
expansion joints. 

The concrete shall be brought to an even surface, the thick- 
ness of the wearing course, below the established grade of the 
pavement. Workmen shall not be allowed to walk on the freshly 
laid concrete and if sand or dust collects on the base it shall be 
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removed before the wearing course is applied. The reinforcing 
metal shall be placed upon and slightly pressed into the concrete 
base immediately after it is placed. 

In case of a breakdown, concrete shall be mixed by hand to 
complete the section or an intermediate transverse joint placed 
as hereinbefore specified at the point of stopping work. Any 
concrete in excess of that needed to complete a section at the 
stopping of work shall not be used in the work. 


CONCRETE FOR WEARING COURSE. 

33. Proportions for Mixture No. 1.*—The concrete for the 
wearing course shall be mixed in the manner hereinbefore speci- 
fied in the proportions of one (1) bag of cement to not more than 
one (1) cu. ft. of fine aggregate, and not more than one and one- 
half (13) cu. ft. of “ No. 1 Aggregate for Wearing Course,” and 
in no case shall the volume of the fine aggregate be less than 
one-half (3) the volume of the “No. 1 Aggregate for Wearing 
Course.”’ 

34. Proportions for Mixture No. 2.*—The concrete for the 
wearing course shall be mixed in the manner hereinbefore speci- 
fied in the proportions of one (1) bag of Portland cement to not 
more than one and one-half (13) cu. ft. of fine aggregate, and 
not more than two and one-half (23) cu. ft. of “No. 2 Aggregate 
for Wearing Course,” hereinbefore specified, and in no case shall 
the volume of the fine aggregate be less than one-half (4) the 
volume of “‘No. 2 Aggregate for Wearing Course.” 

35. Placing.—The wearing course shall be placed immedi- 
ately after mixing, and in no case shall more than forty-five (45) 
minutes elapse between the time that the concrete for the base 
has been mixed and the time the wearing course is placed. 

36. Finishing.—The wearing course shall be struck off for 
the entire width of the pavement and from back to back of 
integral curbs when used, by means of a template or strike board. 
Any holes left by removing any material or device used in con- 
structing the joint shall be immediately filled with mortar 
composed of one (1) part of cement and two (2) parts of fine 
aggregate. Concrete adjoining metal protection plates at trans- 
verse joints shall be dense in character, and shall be given a 


* When Article No. 33 is specified, Article No. 34 should be omitted, and vice versa 
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smooth finish with a steel trowel for a distance of six (6) in. on 
each side of the joints. 

After being brought to the established grade with the tem- 
plate or strikeboard, the concrete shall be finished from a suit- 
able bridge, no part of which shall come in contact with the 
concrete. If approved by the engineer, the contractor may use 
a mechanical striking and finishing machine. The concrete shall 
be finished with a wood float in a manner to thoroughly compact 
it and produce a surface free from depressions or inequalities of 
any kind. The finished curface of the pavement shall not vary 
more than one-quarter (}) in. from the true shape. 


XI. INTEGRAL Curs. 

37. Construction*.—An integral curb shall be constructed, as 
shown on the attached drawings, to the established grade and in 
a continuous line on each side of the street Socal ) 
ft. from and parallel to the center line thereof, except at all inter- 
sections of streets, alleys and driveways where it shall be returned 
to the street line, and at these intersections it shall be rounded to 
such a radius as the engineer may direct. 

The concrete for that portion of the integral curbs above the 
base shall be of the same materials and proportions as that speci- 
fied for the wearing course. 

After striking off the pavement, the concrete for that portion 
of the integral curbs above the gutter line shall be immediately 
deposited. 

The top and inside surface of integral curbs shall be given 
a smooth finish and completed with the pavement to the point of 
stopping each day’s work. 


XI. Prorection. 

38. Curing and Protection.— Excepting as hereinafter specified, 
the surface of the pavement shall be sprayed with water as soon 
as the concrete is sufficiently hardened to prevent pitting, and shall 
be kept wet until an earth or other approved covering is placed. 
As soon as it can be done without damaging the concrete, the sur- 
face of the pavement shall be covered with not less than two (2) 
in. of earth or other material approved by the engineer, which 


* Article No. 37 to be omitted if separate curb is specified. 
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cover shall be kept wet for at least ten (10) days. When deemed 
necessary or advisable by the engineer, freshly laid concrete shall 
be protected by canvas until such covering can be placed. 

Under the most favorable conditions for hardening in hot 
weather, the pavement shall be closed to traffic for at least fourteen 
(14) days and in cool weather for an additional time, to be deter- 
mined by the engineer. 

At the season of the year when the average temperature is 
below 50 degrees Fahrenheit, sprinkling and covering of the pave- 
ment may be omitted at the direction of the engineer. 

The contractor shall erect and maintain suitable barriers to 
protect the concrete from traffic and any part of the pavement 
damaged from traffic or other causes, occurring prior to its official 
acceptance, shall be repaired or replaced by the contractor at his 
expense, in a manner satisfactory to the engineer. Before the 
pavement is thrown open to traffic the covering shall be removed 
and disposed of as directed by the engineer. 

39. Temperature Below 35 Degrees Fahrenheit.—Concrete 
shall not be mixed or deposited when the temperature is below 
freezing. 

If at any time during the progress of the work the tempera- 
ture is or, in the opinion of the engineer will within twenty-four 
(24) hours drop to thirty-five (35) degrees Fahrenheit, the water 
and aggregates shall be heated, and precautions taken to protect 
the work from freezing for at least ten (10) days. In no case 
shall concrete be deposited upon a frozen sub-grade. 








STANDARD SPECIFICATIONS FOR ONE-COURSE 
CONCRETE ALLEY PAVEMENT. 


1. MATERIALS. 


1. Cement.—The cement shall meet the requirements of the Cement. 


Standard Specifications for Portland Cement, adopted by the 
American Society for Testing Materials, August 16, 1909, with 
all subsequent amendments and additions thereto adopted by 
said Society and by this Institute. (Standard No. 1.) 

2. Aggregates.—Before delivery on the job, the contractor 
shall submit to the engineer a fifty (50) lb. sample of each of the 
fine and coarse aggregates proposed for use. These samples shall 
be tested and if found to pass the requirements of the specifications 
similar material shall be considered as acceptable for the work. 
All aggregates used shall meet with the approval of the engineer 
and shall fulfill the requirements of these specifications. In no 
case shall aggregates containing frost or lumps of frozen materials 
be used. 

Fine Aggregate.—Fine aggregate shall consist of natural sand 
or screenings from hard, tough, durable crushed rock or gravel, 
consisting of quartzite grains or other equally hard material graded 
from fine to coarse, with the coarse particles predominating. Fine 
aggregate, when dry, shall pass a screen having four (4) meshes 
per linear inch; not more than twenty-five (25) per cent shall 
pass a sieve having fifty (50) meshes per linear inch, and not more 
than five (5) per cent shall pass a sieve having one hundred (100) 
meshes per linear inch. Fine aggregate shall not contain vege- 
table or other deleterious matter nor more than three (3) per 
cent of clay or loam. 
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Fine aggregate shall be of such quality that mortar composed 
of one (1) part Portland cement and three (3) parts fine aggregate, 
by weight, when made into briquettes, shall show a tensile strength 
(at seven (7) and twenty-eight (28) days) at least equal to the 
strength of briquettes composed of one (1) part of the same cement 
and three (3) parts Standard Ottawa sand by weight. The 
percentage of water used in making the briquettes of cement and 
fine aggregate shall be such as to produce a mortar of the same 
consistency as that of the Ottawa sand briquettes of Standard 
consistency. In other respects all briquettes shall be made 
accordance with the Report of Committee on Uniform Tests of 
Cement of the American Society of Civil Engineers. 

Coarse Aggregate.—Coarse aggregate shall consist of clean, 
hard, tough, durable crushed rock or gravel graded in size, free 
from vegetable or other deleterious matter, and shall contain no 
soft, flat or elongated particles. The size of the coarse aggregate 
shall be such as to pass a one and one-half (13) in. round opening 
and shall range from one and one-half (13) in. down, not more 
than five (5) per cent passing a screen baving four (4) meshes per 
linear inch, and no intermediate sizes shall be removed. 

3. Mixed Aggregate.—Crusher-run stone, bank-run gravel 
artificially prepared mixtures of fine and coarse aggregate shall 
not be used. 

4. Water.—Water shall be clean, free from oil, acid, alkali 
or vegetable matter. 

Reinforcement.—All reinforcement shall be free from exces- 
sive rust, scale, paint or coatings of any character which will 
tend to destroy the bond. All reinforcement sha'l develop an 
ultimate tensile strength of not less than seventy thousand 
(70,000) Ib. per sq. in. and bend one hundred and eighty (180 
degrees around one diameter and straighten without fracture. 

Joint Filler.—The filler for all transverse joints shall con- 
sist of prepared strips of fibre matrix and bitumen or similar 
material of approved quality one-quarter (4) in. in thickness. 
Where the joints are protected with metal plates the joint filler 
shall be made to conform to the cross-section of the pavement 
and where unprotected transverse joints are used the width of 
the joint filler shall be at least one-half (4) in. greater than the 
thickness of the pavement at any point. The filler for longi- 
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tudinal joints shall, at the discretion of the engineer, consist of 
the same material as specified for the transverse joints or of bitu- 
men which will not become soft enough to flow in hot weather or 
brittle in cold weather. The thickness of longitudinal joints 
filled with bitumen shall not be less than one-quarter (}) in. or 
more than three-quarter (3) in. 

7. Joint Protection Plates.—Soft steel plates for the protec- 
tion of the edges of the concrete at transverse joints shall be not 
less than two and one-half (23) in. in depth and not less than 
one-eighth (2) in. nor more than one-quarter (+) in. average thick- 
ness. The plates shall be of such form as to provide for rigid 
anchorage to the concrete. The type and method of installation 
of joint protection plates shall be approved by the engineer. 


IIT. GRapIna. 

8. Defined.—Grading shall include all cuts, fills, approaches 
and all earth or rock moving for whatever purpose where such 
work is an essential part of or necessary to the prosecution of the 
contract. 

9. Engineer’s Stakes.—Stakes will be set by the engineer for 
the center line, finished grades and other necessary points. 

10. Excess Material—Excess material shall be disposed of as 
directed by the engineer, the free haul not to exceed ft. 

11. Over-Haul.—Materials hauled a greater distance than the 
free haul from the place of excavation shall be paid for at the rate 
of cents per cu. yd. for each additional ft. 

12. Cuts and Fills.—In cuts the final grade shall be obtained 
by rolling with a roller weighing not less than five (5) nor more 
than ten (10) tons. The engineer shall determine the depth of 
material to be thus compacted. When a fill of one (1) ft. or less 
is required to bring the surface to grade, all vegetable or other 
perishable matter shall be removed before making the fill. 

Kmbankments shall be formed of earth or other approved 
materials and shall be constructed in successive layers, each of 
which shall extend entirely across the width to be filled. Each 
layer, which shall not exceed one (1) ft. in depth, shall be thor- 
oughly rolled with a roller weighing not less than five (5) nor more 
than ten (10) tons before the succeeding layer is placed. The 
roller shall pass over the entire area of each layer of the fill at least 
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twice. The use of muck, quicksand, soft clay, spongy or perish- 
able material which will not consolidate under the roller, is 
prohibited. 

When the material excavated from the cuts is not sufficient 
to make the fills shown on the plans, the contractor shall furnish 
the necessary extra material to bring the fills to the proper width 
and grade. When the earth work is completed the cross-section 
of the roadbed shall conform to the cross-sectional drawings and 
profile attached hereto. 

All approaches connecting the specified pavement with other 
streets or alleys intersecting shall also be cut or filled, and secured 
from settlement, to form a slope of not more than one (1) vertical 
to ten (10) horizontal, as shown on the profile and plans attached 
hereto. 


III. DRarnaGe. 

13. Drainage.—The contractor shall construct tile or other 
drains as shown in the drawings attached hereto. Tile to be laid 
in the trench at least ) in. wide, and 

( ) ft. deep below the established grade of 
the pavement. Such trench shall be back filled with crushed 
stone or pit run gravel with sand removed, which after light 
tamping shall be (.. ) in. in depth. 

14. Catch Basins.—All catch basins and manhole tops and 
all covers of openings of any kind shall be readjusted to the grade 
by the contractor at his expense. 


IV. Sup-GRape. 

15. Construction.—The bottom of the excavation or the top 
of the fill when completed shall be known as the sub-grade and shall 
be at all places true to the elevation as shown on the plans attached 
hereto. 

The sub-grade shall be brought to a firm, unyielding surface by 
rolling the entire area with a self-propelled roller weighing not less 
than five (5) nor more than ten (10) tons, and all portions of the 
surface of the sub-grade which are inaccessible to the roller shall 
be thoroughly tamped with a hand tamp weighing not less than 
fifty (50) lb., the face of which shall not exceed one hundred (100) 
sq.in.inarea. All soft, spongy or yielding spots and all vegetable 
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or other perishable matter shall be entirely removed and the space 
refilled with suitable material. 

When considered necessary or of assistance in producing a 
compact, solid surface, the sub-grade before being rolled shall be 
well sprinkled with water. 

When the concrete pavement is to be constructed over an 
old pavement composed of gravel or macadam, the latter shall be 
entirely loosened and the material spread for the full width of the 
pavement and rolled. All interstices shall be filled with fine 
material and rolled to make a dense, tight surface. 

16. Acceptance.—-No concrete shall be deposited until the 
sub-grade is checked and accepted by the engineer. 


V. Fors. 

17. Materials.-Metal or wooden forms shall be free from 
warp, of sufficient strength to resist springing out of shape, and 
shall be equal in width to the thickness of the pavement at the 
edges. Wooden forms shall be of not less than two (2)-in. stock. 
Where the pavement is laid adjacent to buildings, fences or other 
structures, the side forms may be omitted at the direction of the 
engineer, but a joint must be constructed as hereinafter specified 
between the pavement and such structure. 

1S. Setting. The forms shall be well staked or otherwise 
held to the established line and grades and the upper edge shall 
conform to the established grade of the alley. 

19. Treatment.—All mortar and dirt shall be removed from 
the forms that have previously been used. 


VI. PAVEMENT SEcTION. 

20. Width, Thickness of Pavement and Cross-Section.—The 
width of the pavement shall be ) ft., 
) in. and not less than six (6) in. uniform 
thickness. In cross-section the finished surface shall have the 
uniform pitch toward the center line, except the center twelve 
(12) in. shall be rounded to the are of a circle which is tangent 
to the surface of the concrete at points six (6) in. on each side 
of the center line, as shown in the plans attached hereto. The 


pitch shall not exceed one-fiftieth (.,) of the width of the 
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VII. Jornts. 


21. Width and Location.—Transverse joints shall be one- 
quarter (}) in. in width and shall be placed across the pavement 
perpendicular to the center line, not more than thirty-six (36) 
ft. apart. When the pavement is laid adjacent to buildings, 
fences, or other structures, a longitudinal joint shall, at the dis- 
cretion of the engineer, be constructed. All joints shall extend 
through the entire thickness of the pavement and shall be per- 
pendicular to its surface. 

22. Joint Filler —All transverse joints shall be formed by 
inserting during construction and leaving in place the required 
thickness of prepared strips of fibre matrix and bitumen or other 
similar material of approved quality, which shall extend through 
the entire thickness of the pavement. 

Longitudinal joints shall, at the discretion of the engineer, be 
formed in the same manner as transverse joints or constructcd 
by filling with bitumen as before specified. 

23. Protected Joints.*—The concrete at all transverse joints 
shall be protected with joint protection plates which shall be 
rigidly anchored to the concrete. The upper edges of the plates 
shall be even with each other and the adjoining surface of the 
concrete. All steel plates varying more than one-quarter (4) in. 
from the finished surface of the concrete, as shown on the plans 
attached hereto, shall be ground to meet the specified require- 
ments, or slabs in which such plates occur shall be removed and 
replaced with new material by the contractor at his expense. 

24. Unprotected Joints.*—-All transverse joints shall extend 
through the entire thickness of the pavement and the filler shall 
project not less than one-half (4) in. above the finished surface. 
The concrete adjacent to these joints shall be finished with a wood 
float, which is divided through the center and which will permit 
finishing on both sides of the filler at the same time. Before the 
pavement is opened to traffic, joint filler shall be cut off to 
the height of one-quarter (}) in. above the surface of the 
pavement. 


* When the specification “ Protected Joints” is to be used, “ Unprotected Joints” shall be 
omitted, ind rice rv 1 
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VIII. Merasurinc MATERIALS AND MIXING CONCRETE. 


25. Measuring Materials.—The method of measuring the 
materials for the concrete, including water, shall be one which 
will insure separate and uniform proportions of each of the mate- 
rials at all times. <A bag of Portland cement (94 lb. net) shall be 
considered one (1) cu. ft. 

26. Mixing.—The materials shall be mixed ip a batch mixer 
of approved type and mixing shall continue after all materials 
are in the drum for at least one (1) minute at a minimum speed 
of twelve (12) revolutions per minute. The drum shall be com- 
pletely emptied before receiving materials for successive batches. 

27. Re-tempering.—Re-tempering of mortar or concrete which 
has partially hardened, that is, remixing with or without addi- 
tional materials or water, shall not be permitted. 

28. Proportions.—The concrete shall be mixed in the pro- 
portions of one (1) bag of Portland cement to not more than two 
(2) cu. ft. of fine aggregate and not more than three (3) cu. ft. 
of coarse aggregate, and in no case shall the volume of the fine 
aggregate be less than one-half (3) the volume of the coarse 
aggregate. 

A cubic yard of concrete in place shall contain not less than 
one and seven-tenths (1.7) barrels of cement. 

The engineer shall compare the calculated amount of cement 
required according to these specifications and plans attached hereto 
with the amounts actually used in each section of concrete between 
successive transverse joints, as determined by actual count of the 
number of bags of cement used in each section. If the amount 
of cement used in any three (3) adjacent sections (between trans- 
verse joints) is less by more than two (2) per cent, or if the amount 
of cement used in one section is less by more than five (5) per 
cent of the amount hereinbefore required, the contractor shall 
remove all such sections and replace the same with new materials, 
according to these specifications, at his expense. 

29. Consistency.—The materials shall be mixed with sufficient 
water to produce a concrete which will hold its shape when struck 
off with a template. The consistency shall not be such as to 
cause a separation of the mortar from the coarse aggregate in 
handling. 
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IX. REINFORCING. 

30. Reinforcing.—Concrete pavements twenty (20) ft. or more 
in width, shall be reinforced. The cross-sectional area of the rein- 
forcing metal running parallel to the center line of the pavement 
shall amount to at least 0.038 sq. in. per ft., and the cross-sectional 
area of reinforcing metal which is perpendicular to the center line 
of the pavement shall amount to at least 0.049 sq. in. per ft. 

Reinforcing metal shall not be placed less than two (2) in. 
from the finished surface of the pavement and otherwise shall be 
placed as shown on the drawings attached hereto. The reinforcing 
metal shall extend to within two (2) in. of all joints, but shall not 
cross them. Adjacent widths of fabric shall be lapped not less 
than four (4) in. when the lap is made perpendicular to the center 
line of the pavement, and not less than one (1) ft. when the lap 
is made parallel to the center line of the pavement. 


X. PLacinG CONCRETE. 

31. Placing Concrete—Immediately prior to placing the 
concrete, the sub-grade shall be brought to an even surface. 
The surface of the sub-grade shall be thoroughly wet, but shall 
show no pools of water when the concrete is placed. 

After mixing, the concrete shall be deposited rapidly upon the 
sub-grade to the required depth and for the entire width of the 
pavement in successive batches and in a continuous operation 
without the use of intermediate forms or bulkheads between 
expansion joints. 

In case of a breakdown, concrete shall be mixed by hand to 
complete the section or an intermediate transverse joint placed 
as hereinbefore specified at the point of stopping work. Any 
concrete in excess of that needed to complete a section at the 
stopping of work shall not be used in the work. 

32. Finishing.—The surface of the concrete shall be struck 
off by means of a template or strikeboard. Any holes left by 
removing any material or device used in constructing the joint 
shall be immediately filled with mortar composed of one (1) part 
cement and two (2) parts of fine aggregate. Concrete adjoining 
metal protection plates at transverse joints shall be dense in char- 
acter and shall be given a smooth finish with a steel trowel for a 
distance of six (6) in. on each side of the joints. 
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After being brought to the established grade with the template 
or strikeboard, the concrete shall, where possible, be finished from 
a suitable bridge, no part of which shall come in contact with the 
concrete. The concrete shall be finished with a wood float in a 
manner to thoroughly compact it and produce a surface free from 
depressions or inequalities of any kind. The finished surface of 
the pavement shall not vary more than one-quarter (}) in. from 
the true shape. 


XI. PROTECTION. 
33. Curing and Protection.—Excepting as hereinafter specified, 
the surface of the pavement shall be sprayed with water as soon 
as the concrete is sufficiently hardened to prevent pitting, and shall 
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be kept wet until an earth or other approved covering is placed. 
As soon as it can be done without damaging the concrete, the sur- 
face of the pavement shall be covered with not less than two (2) 
in. of earth or other material approved by the engineer, which 
cover shall be kept wet for at least ten (10) days. When deemed 
necessary or advisable by the engineer, freshly laid concrete shall 
be protected by canvas until such covering can be placed. 

Under the most favorable conditions for hardening in hot 
weather, the pavement shall be closed to traffie for at least fourteen 
(14) days and in cool weather for an additional time, to be deter- 
mined by the engineer. 

At the season of the vear when the average temperature is 
below 50 degrees Fahrenheit, sprinkling and covering of the pave 
ment may be omitted at the direction of the engineer. 
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The contractor shall erect and maintain suitable barriers to 
protect the concrete from traffic and any part of the pavement 
damaged from traffic or other causes, occurring prior to its official 
acceptance, shall be repaired or replaced by the contractor at his 
expense, In a manner satisfactory to the engineer. Before the 
pavement is thrown open to traffic the covering shall be removed 
and disposed of as directed by the engineer. 

34. Temperature Below 35 Degrees Fahrenheit.—Concrete 
shall not be mixed or deposited when the temperature is below 
freezing. 

If at any time during the progress of the work the tempera- 
ture is or, in the opinion of the engineer will, within twenty-four 
(24) hours drop to thirty-five (35) degrees Fahrenheit, the water 
and aggregates shall be heated and precautions taken to protect 
the work from freezing for at least ten (10) days. In no case 
shall concrete be deposited upon a frozen sub-grade. 








DISCUSSION. 


Mr. Rupoiten J. Wic.—The second section states that 
“Fine aggregate shall consist of sand or screenings.”’ This is a 
little confusing, as it might be interpreted as meaning that the 
sand would have to be obtained by crushing. I would suggest 
the insertion of the word “natural” before “sand.” 

Mr. Wituiam M. KINNEY. I do not know of any objection. 

Mr. W. A. CoLuings._ 1 would like to know what materials 
are as hard as quartzite. | think you bar sands which are good. 
I would like to ask if the American Society for Testing Materials 
has not issued a specification covering chemical tests of cement. 

PRESIDENT Humpurey.—There will probably be a revision 
of the specifications issued in the near future. 

Mr. CouuinGs.—1 think we should meorporate language 
here to the effect that our cement can be subjected to the chem- 
ical test. 

Mr. Kinney.-That was taken care of by “and all sub- 
sequent amendments thereto.” 

Mr. COLLINGs. Why not use the United States Govern- 
ment specifications? 

Mr. Fk. B. Witson.—-Do not the specifications of the Ameri- 
can Society for Testing Materials cover the chemical require- 
ments at this time? 

PresipENT Humpnurey.—I understand that Mr. Collings 
Wants a requirement tor insoluble residue. 

Mr. CoLuinGs.— Yes, sir. 

Mr. EF. B. Witson.—The present specification calls for 
insoluble residue, but fails to place a limit. 

PresIDENT Humpnurey.-The new specification will have 
such a limit, and it seems unwise to change Just now, because 
this Institute ought not to adopt specifications for cement, and 
the clause ‘any subsequent amendments thereto” will cover it. 

Mr. FE. B. Witson.—-Is there any method for the determi- 
nation of clay or loam? The percolator or washout method 
removes as high as 12 per cent of the fine matter, where only 
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about 4 or 5 per cent pass through the 100 sieve; and the amount 
of clay or loam is doubtful, so far as a practical application is 
concerned. The washout method removes materials which 
are not clay or loam, probably one-half or two-thirds, material 
which would be perfectly satisfactory in the ordinary concrete base. 

PRESIDENT HumpHreY.—What we are trying to remove 
from the sand is the excess fine material. We know organic 
matter is detrimental. The fine material may be fine sand, or 
it may be clay or loam; we do not want an excess of any of those 
materials. 

Mr. E. B. Witson.—The point I am raising particularly 
is whether you are going to have an excess of a combination. 

PRESIDENT HumpHREY.—It does not make any difference. 

Mr. Wiis Wuitep.—Mr. President, I like the idea of 
leaving the word ‘clean’ in, because everybody knows that it 
is only a relative term, and when you set the limit of cleanliness, 
that fixes it; but without that word in, there is nothing to bar 
out fine coal, sewage, brickdust, or various other things which 
get in. 

Mr. Percy H. Witson.—I was going to suggest the words 
“other deleterious matter.’”’ I question if vegetable matter, 
clay or loam cover all of the things that go into the sand which 
are deleterious. It does, however, cover coal and wood, which 
are vegetable matters. There must be, however, some other 
things in sand which are objectionable, which it does not cover. 
I think they should be covered either by a general clause, or 
by reciting specifically the things which are bad for sand. Mr. 
President, I move that the Committee be instructed to recite 
specifically those matters in sand which are harmful to a con- 
crete road. 

PRESIDENT Humpurey.—The word deleterious has been 
used for a long time, and I see no objection to it, even if it is 
indefinite. There are other imgredients in sands which are as 
objectionable as those the Committee has mentioned. It will 
not do any harm, and it really is a safeguard. 

Mr. Wiac.—I would like to ask Mr. Kinney in what category 
he places sand similar to the Michigan and Minnesota sands 
which have given considerable trouble where mineral matter 
Was supposed to be the deleterious element? 
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Mr. KinnEy.—Those would be barred by the following 
clause, ‘‘shall show a tensile strength at least equal to the 
strength of briquettes composed of one part of the same cement 
and three parts Ottawa sand.”’ This sentence covers the cases 
to which you refer, viz: sands which do not show the required 
strength. The same would apply to a certain amount of clay, 
or a certain amount of other deleterious materials. They would 
be rejected on account of the strength and fineness tests, or the 
requirement that the material be hard, tough, durable, ete. 

Mr. Wic.—Mr. President, the same argument applies to 
3 per cent of clay and loam. If the strength tests are all right, 
why not accept the sand? 

The Committee then decided to imecorporate the words 
“and other deleterious matter.” 

Mr. R. L. SHainwo.wp, Jr.—If sand contaiing more than 
3 per cent of quartzitic dust passed the strength test, why should 
it be thrown out? 

Mr. Kinney.—For the reason that sand containing con- 
siderable fine material, while showing satisfactory tensile strength 
in the laboratory, as compared with Ottawa sand in the same 
proportion, will not give equally good results in the field. I 
have seen a large number of sands, and particularly screenings, 
that contained large amounts of fine material, which gave excel- 
lent results in the laboratory, but in the field were the cause of 
continual trouble. 

Mr. SHAINWOLD, Jr.—-Who is going to finally determine 
whether the sand fulfills the requirements of the specification, 
the engineer or the contractor? 

Mr. Kinney.—These specifications state, “all aggregates 
used shall meet with the approval of the engineer, and shall ful- 
fill the requirements of these specifications.”” Naturally the 
engineer has the final word as to whether the sample passed the 
specifications. I heard no discussion of the increase of allowable 
fine material; in other words, we have raised the limit from 
20 to 25 per cent, for the reason that there are a large number 
of sands which fall between these limits which are really good 
sands. Therefore it seems folly to draw the line at 20 per cent. 

Mr. D. A. Aprams.—lIn connection with the size of the 
screen, 4 meshes per linear in., it is not stated whether the openings 
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are round or square. The manufacturers of screens, I am told, 
‘an furnish 13 or 14 different sizes of screening which have 4 
meshes to the linear in. It is not very important, so far as the 
sand is concerned; but when percentages are based upon the 
amount which passes a screen of that kind, it is really important 
to have the size specified. 

Mr. KinneEy.—While the specifications are a little indefinite 
on this point, it must be admitted that the practice is not so 
well established in screening and washing plants that we can 
say at this time that there should be round holes or square holes; 
so by leaving it this way we give the necessary leeway. We all 
know that some plants have screens with a quarter of an in. mesh; 
others screen the material to one quarter inch. By saying 
“4 meshes per linear in.”’ we are not holding too close, but are 
giving a fairly accurate idea of what is expected. In the case of 
the 50 and 100 meshes we are assuming standard sieves. These 
are the sieves which are going to accept or reject material, and not 
the 4 mesh per linear in. 

Mr. E. B. Witson.—There is no standard set which I have 
been able to find. 

Mr. Kinney.—The 100 and 200 are well established; and 
it is my recollection that the 50 mesh has been established as a 
definite standard. However, as there is a disagreement now as 
to whose standard shall be adopted, I do not believe that it 
would be proper for this society to adopt any standard until 
it has been definitely proven that one or the other is best. The 
American Society for Testing Materials now has a Committee at 
work on these points, and it does not seem to me that we are 
in a position to pass definitely on them at this time. Further- 
more, this specification is not presented as final by any 
means. 

Mr. Wic.—There is nothing stated in regard to the time 
for making the comparison, which would make a good deal of 
difference with different sands. Is it not usually 28 days? 

Mr. Kinney.—That is not covered, but possibly can be 
assumed. In practice we find that the good sands are usually 
so well over the Ottawa sand that there is very little question 
about it. The sands that are on the line, are usually those which 
we do not want in concrete roadways. 
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PRESIDENT HumMpHREY.—It seems to me that Mr. Wig is 
quite correct, that there should be a standard test at 28 days. 

Mr. Kinney.—That is covered in a general way in the last 
sentence, which says, “In other respects all briquettes shall be 
tested in accordance with the report of Committee on Uniform 
Tests of Cement of the American Society of Civil Engineers.”’ 
These tests are made at 7 and 28 days. 

Mr. C. D. DEFFENDERFER.—Would it be allowable to use 
more cement, over 25 per cent, where the sand does not come 
up to the requirements? 

Mr. Kinney.—lIf, in a specific location it is impossible to 
get sand to meet these requirements, then the local engineer can 
best take up and decide what to do. 

Mr. DerreNDERER.—In a great many of the Ohio or Lake 
Erie sands, as high as 35 per cent will pass a 50-mesh sieve, but 
it will still equal, and sometimes be in excess of, the standard 
Ottawa test. Would it not be advisable to cover that in the 
specifications? 

Mr. Kinney.-That was mentioned a little while ago. 
Such sands are very difficult to use, although in the laboratory 
they do show strengths equal to Ottawa sand. They are not 
good sands for concrete road work as they interfere with proper 
mixing, because of the large amount of fine material present. 
You must remember that you can obtain results in the laboratory 
which are impossible in the field. 

Mr. Asrams.—I would like to raise the point as to the 
introduction into the specification of a provision for comparison 
on the basis of compressive strength rather than on the basis of 
tensile strength. As a matter of fact, a great many laboratories 
are basing their comparisons on the test of compression rather 
than merely tension. 

Mr. Kinney.—The Institute has a Committee on Tests for 
Concrete and Concrete Materials. There has been insufficient 
time for any definite work. For instance, it is not established 
whether we should use a 2-in. cube, or a 2 by 4 eylinder, or a 
3 by 6 cylinder, and it would be far better to wait for more specfic 
information. 

PRESIDENT HumpHREY.—I would like to ask why the phrase- 
ology in the original paragraph, the first sentence, was changed. 
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Mr. Kinney.—For the same reasons described before, that 
material is never free from dust. We allow 5 per cent of material 
to pass the 4-mesh sieve. That allows for a small amount of 
material only. 

PRESIDENT HumpHreEY.—I was questioning more the form 
than the amount. Inasmuch as this paragraph is also in the 
joint Committee report, it is not wise to change the phraseology. 
The word “deleterious’’ has the same meaning as it had in the 
fine aggregate paragraph. The Convention voted to put that 
in, so it will stay in here. 

Mr. Witson.—I believe the Committee did not wish to say 
in building a concrete road, where it is only possible to get sizes 
of stone 1} and 3? in., that those two sizes shall not be mixed. 
I have known many concrete roads where it was difficult to get 
any but those two sizes, and where that class of material was 
used with excellent results. 

Mr. Kinney.—We have been aiming to insure material 
suitable for concrete work. It seems to me that the quicker we 
get to specifying what we want in concrete work, the quicker 
we are going to have the material people offering what we want. 
Under reinforcement, the change is substituting ‘‘rust scale”’ 
for “rust.” A slight coating of rust does no particular harm, 
but rust scale is to be avoided. 

Mr. Asprams.—Mr. President, I raise the further point that 
that would eliminate galvanized metal. 

PRESIDENT HumpHREY.—That is qualified by ‘‘or coatings of 
any character which will tend to destroy the bond.” 

Mr. Asrams.—Galvanizing does not destroy the bond, 
though very likely it might reduce it considerably. Our experi- 
ence shows that any hard, dense, smooth surface on a steel bar 
does very materially reduce the bond. It would be very diffi- 
cult to give exact figures for small wires; but for steel bars the 
bond is reduced to 40 or 50 per cent of that obtained from the 
ordinary milled surface. 

Mr. Coxiuincs.—That would not be the case with gal- 
vanizing, though. I have seen just as rough galvanized surfaces 
as you can get from corrugated cars. I was one of a Committee 
of Investigation in San Francisco after the disaster there, and we 
went over some of the buildings. I have in mind the Pacific 
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Express Building where we took out some galvanized fabric Mr. Collings. 
from the 6-in. floor slabs. That had been in 13 years, but it 
was just as good as the day it went in. 
Mr. Witson.—The clause reading, “where the joints are Mr. Wilson. 
protected with metal plates the joint filler shall be made to con- 
form to the cross-section of the pavement, and where unprotected 
joints are used the width shall be at least one-half in. greater,” 
ete.; I think should read, “the width of the joint filler shall be 
at least one-half in. greater than the thickness of the pavement.” 
Mr. Kinney.—That will be added. Mr. Kinney. 
Mr. P. M. Bruner.—I would suggest making the distance Mr. Bruner. 
between transverse joints 36 ft., because that will figure exactly 
4 sq. yds. for each linear ft. of width. 
Mr. Kinney.—That is satisfactory. Mr. Kinney. 
Mr. SHAINWOLD, Jr.—Why is it necessary for a soft filler m 
to extend through the entire thickness? 
Mr. KinnNEy.—It is easier to place the jomt that way, and Mr. Kinney. 
if we want a separation at all, it should be a complete one, so 


. Shainwold, Jr. 


= 


that the slabs will have freedom to move in both directions, and 
there is no danger of earth working up in and preventing the free 
movement of the slab. Earth can work in from the bottom as 
well as from the top. 

Mr. DEFFENDERFER.—Take an 8 or 9 or 10-ft. concrete road. m 
Many engineers space their joints 50, 60 and 75 ft. apart. Those 
blocks do not crack in the middle. Why should there not be 
some qualifying clause inserted? On a 16-ft. road it is all right 
to place your joints 35 ft. apart, but on a 9 or 10 ft. road, where 
the joints are spaced 50 or 60 ft. apart, it would be a different 
proposition. 


. Deffenderfer. 


~ 


Mr. Kinney.— In all the roads without joints that I have seen, Mr. Kinney. 


7 


the distance between cracks averaged around 35 ft. There seems 
to be a natural separation which takes place at about that distance. 

Mr. Co.iincs.—We are finding that a slab properly rein- m 
forced, say a 6-in. slab, can be constructed out to 100 ft. in length, 
30 or 35 ft. wide, and not show any cracks. 


_ 


. Collings. 


Mr. Kinney.—In pavement work? Mr. Kinney. 
Mr. CoLuincs.—No, in revetement work on the Kaw River: M 
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. Collings. 
but it has the same duties to perform, practically, in the 6-in. slab 
as it would have in a roadway. 
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Mr. Kinney.—The question of drainage would be an entirely 
different proposition. 

Mr. Co.tuincs.—No. I would say that 75 per cent of the 
time that slab would be without water. It would be identical, 
I think, as far as temporary construction is concerned, with the 
roadway. 

Mr. Kinney.—The Committee has accepted the recom- 
mendation of the Committee of last year, namely an increase 
of 10 ft. 

Mr. Co.Luincs.—Would it be all right to make the remfore- 
ing a little stronger and put joints 50 ft. apart? 

Mr. Kinney.—I should think so, under certain conditions of 
the soil. I do not think that that would apply generally. There 
might be conditions where a much longer space would be prefer- 
able. In the work in Illinois it has been found that a large 
number of 50-ft. slabs crack in half. 

Mr. H. J. Kuettinc.—I have been using 50-ft. slabs for the 
last two seasons, and I am going to stick to them, because | 
find that there is a very small percentage that crack. 

Mr. H. J. Foxmer.—-I have found that eracks vary from 
probably 20 to 60 ft. | believe it is better to have a few extra 
joints, and have the joints spaced closer than 35 ft., thus provide 
a factor of safety. 

Mr. Witson.—Mr. President; during this last year our 
men have supervised about 385 separate pieces of concrete road 
construction. The great majority of those roads were built 
with 35-ft. joints. Some of those have cracked, but the cracks 
were due, in our opinion, to the drainage conditions, and the slab 
would have cracked if it had been only 5 ft. long. The great 
percentage of cracks in a concrete road, laid continuously from 
one end to the other, occur about 40 ft. apart; very few run 
under 40. We have our factor of safety at 35 ft. 

Mr. SHAINWOLD, Jr.—-The tendency of a slab to crack is 
largely determined by the resistance of the earth to the movement 
of the slab; a construction which would allow easy slipping would 
admit of a longer distance between the joints. By the same 
reasoning a thicker slab would require less joints, having greater 
tensile strength to overcome the resistance of the earth when 
the concrete contracts. 
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Mr. ABrAams.— Mr. President, how much consideration Was Mr. Abrams. 
given by the Committee to a minimum requirement for the 


? It seems to me 45 seconds is too short. 


time of mixing? 
Mr. Kinney.—Mr. President, if there is any good reason Mr. Kinney. 
advanced why it should be changed, I think the Committee 
would be very glad to make the change. 
PRESIDENT Humpurey.—The Chair thinks, as does Mr. The President. 
Abrams, that the best concrete is obtained by mixing, and I do 
not believe there is any mixer on the market that will give vou 
the right consistency in 45 seconds. 
Mr. AspRaAmMs.—The few tests which I have made on that Mr. Abrams. 
subject show that up to 2 minutes the strength of the concrete 
is almost directly proportionate to the time of mixing. In other 
words, if you mix the concrete 1 mimute, you get about one-half 
the strength you get in 2 minutes; and, under the same ratio, 45 
seconds of mixing produces probably 10 per cent of the ultimate 
strength of the concrete that is obtamed in 2 minutes. 8 x 16 in. 
concrete cylinders were tested. The time of mixing varied from 
} minute up to 15 minutes, in the same batch. Normal, medium 
and wet consistencies were mixed. At the time the last material 
was taken from the mixer about two-thirds of the full batch still 
remained in the macnine, so it Was not a question of reducing the 
amount of material that was in the machine itself 
PRESIDENT HumpureY.—-The Chair would like to ask Mr. The President 
Abrams what change in time he would suggest; 13 minutes? 


Mr. ABrams.—lI should like very much to specify 1} minutes Mr. Abrams. 
: | 2 


4 


and I would hope to see that pass the Committee. 

Mr. Kinney.—-Mr. President; im our experience covering Mr. Kinney. 
the inspection of a very large number of jobs this summer, we 
have found difficulty in getting even 45 seconds. 


Mr. Asprams.—I should like to make the motion that this Mr. Abrams 
time of mixing be increased to one minute, as the minimum. 
Mr. Wic.—I second the motion. Mr. Wig. 


Mr. Kk. S. MAcGOWAN. As to the cost of figures which Wwe Mr. Macgowan. 
had, I would like to ask whether the average mix was closer to 
45 seconds or to 13 minutes, and what the effect would be on 
those costs if the time is increased from 45 seconds to 1} minutes? 

Mr. Witson.—-The costs were based on every variety of Mr. Wilson 
length of time that you can imagine. 
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Mr. Wic.—Mr. President, I think they have lost sight of 
the point, that the consistency of the batch affects the strength. 
A very wet consistency, or quite wet, as we have in concrete 
road work, mixes very much quicker than a dry. The latter 
must be kept in the mixer longer to get the same strength. There 
have been a good many tests made by the Washington Water 
Power Company and also by the Reclamation Service along the 
same line, and they were very much surprised to find such a 
great difference in the strength. 

Mr. Asrams.—lI have not the figures with me, but my 
recollection is that at 2 minutes we got about 87 per cent of the 
values which were obtained at 15 minutes, and the strength was 
very little increased after the 2 minutes period. As to the con- 
sistency, of course these tests were all made on exactly the same 
batch of concrete, so that question does not enter. 

Mr. DerreNnDERFER.—I think the Committee had the right 
idea on this mixer question; I do not think it is a question of 
time as much as one of revolutions. I find that 10 is the average 
number of revolutions that the contractors use. I have seen 
batches thrown out on 4 and 5 revolutions. In the roads where 
4 or 5 revolutions were made there were little sand cracks about 
6 or 8 in. long. I saw one road about 3400 ft. long, 6 in. thick 
and 9 ft. wide, that was laid in about 6 working days. That 
mixture was dumped out on 4 or 5 revolutions, and the road 
was full of little sand cracks for about 1600 or 1800 ft. The 
remainder of that road was run out on 9 and 10 revolutions, and 
did not have a sand crack in it. 

Mr. Asrams.—There is nothing said as to the number of 
revolutions. 

PRESIDENT Humpurey.—Yes, minimum of 12. I would 
like to ask Mr. Abrams if he can supply additional data on the 
mixing which he has described. 

Mr. Aprams.—Those tests were made at the University of 
Illinois, and without consulting the authorities there I would not 
consider myself at liberty to do that. 

The Convention voted to increase the time of mixing from 
45 seconds to one minute. 

Mr. SHAINWOLD, Jr.—I would like to ask whether the maxi 
mum strength was obtained before the 15 minute period, or whether 
it kept on rising as the mixing continued? 
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Mr. Asprams.—The increase in strength after 2 minutes 
was very slight. At 15 minutes there was still apparently a 
slight increase, although the rest would not be considered con- 
clusive on that point. Apparently from 2 to 4 minutes gives 
the maximum increase in strength. 

Mr. E. B. Witson.—There was a table presented about 
2 weeks ago before the Indiana Engineering Society which showed 
that the increase of strength from 1 to 2 minutes to 18 minutes 
was as much as 50 per cent of the strength acquired at about 
2 minutes. 

Mr. Witson.— | do not like the idea of using mortar to fill 
holes which may come in a concrete road. I believe that the 
same material should be used which goes into the road _ itself. 
We had rather bitter experience with that a little over a year 
and a half ago, where the contractor was very careless in finishing 
his concrete at the joints, leaving spaces which he endeavored to 
fix by placing mortar against the joints and on top of his con- 
crete. The mortar did not stick. I believe that that should 
read: “Holes, ete., shall be filled with the same material used in 
the concrete road itself.” It seems to me questionable whether 
we should use a steel trowel to trowel the concrete 6 in. on either 
side of the joint. That draws a smooth strip across our pave- 
ment 6 in. wide, and it would seem to me that the same results 
could be accomplished if it were 3 in. instead of 6 in. on either 
side of the joint. 

Mr. SHAINWOLD, Jr.—I do not agree with Mr. Wilson. | 
think the trouble is caused rather by improper preparation of 
the surface, and that the desired results would be better obtained 
by mortar on a roughened bottom than by concrete. What 
caused the trouble in the case referred to was putting the mortar 
on a surface too smooth; but it would be worse to put concrete 
on such a surface. You can get much better results with mortar, 
but the surface should be roughened. 

Mr. Kinney.—Actual experience shows us that the concrete 
at the joint is the weakest concrete in the slab, for the simple 
reason that the material is worked up to the joint as a general 
rule, concentrating all the fine material, water, dirt, ete., at that 
point; and where we want the best concrete we have the weak- 
est. That is the only reason why we speak of mortar here. 
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Regarding the question of finishing with a steel trowel, 6 in. on 
either side of the joint, that is merely a matter of convenience, 
because it is easier to work a trowel—usually a plasterer’s trowel 

running it the cross way rather than the long way along the 
joint; the question of slipperiness is the only one that enters, and 
it is such a small width, anyway, that it does not in practice have 
any serious effect. 1 think Mr. Kuelling has used it in his work: 
and you cannot tell the difference after it has becn run over a 
little bit. 

Mr. KvUELLING.._We use the wood float as much as we ean, 
1 wish you would bring out another pomt, Mr. Kinney, about 
going to more trouble finishing an unprotected jomt. My plan 
is to round the unprotected joint a very small amount, about 
5 in. 

Mr. L. R. FerGuson.—-That was a very interesting remark, 
relative to rounding the edges. Do you find it necessary, Mr. 
Kuelling, to put any water in there before rounding off edges 
and does the large aggregate present give you any trouble? 

Mr. Kveitiinc.-No. I have permitted them to fill the 
holes, using the same material that came out of the mixer, and 
found no trouble in finishing, due to the large aggregate. If you 
leave a sharp edge, there is some tendency to chip, while round- 
ing the edges prevents it. 

Mr. Witson.—I will make a motion that the holes, ete., 
shall be immediately filled with concrete, of the same mixture as 
is used in the road itself. I believe thoroughly that if the joint 
can be rounded off next to the tar paper itself, it will be found of 
tremendous advantage. 

Mr. SHAINWOLD, Jr.—When is that filling supposed to be 
done? If it is to be done in the ordinary course of work, imme- 
diately after striking off, of course the concrete is all right, but 
if there is any delay it seems that the mortar takes precedence 
over the concrete. 

Mr. Witson.——-It should be done immediately. 

Mr. KvUELLING.—-We use two plates, and at the end of a 
day's work we wire the two pieces together, so that we can remove 
the erecting bar immediately; then there are never any holes in 
the concrete, and we can finish them all at once, and cut the 


wire the next day. 
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Mr. F. J. Kentr.—You can do the same thing during the 
day. After the plates are installed, wire the plates together, and 
when your template is about 3 ft. from the installing bar, deposit 
the concrete on the other side of your plate, remove your installing 
device, and run your template right over the two parts, and you 
will not have any holes. 

Mr. Kinney.—-Mr. President, it is practically impossible to 
run a strike-board over the plates for the simple reason that in 
actual practice the plates vary somewhat in their crown, and the 
strike-board never corresponds exactly to that. You should 
always strike away from the joint, and never across it. 

The Convention voted to insert the words, “filled with the 
same concrete that is used in the pavement.” 

Mr. Witson. Mr. President, I would like to make a motion 
to refer to the Committee for msertion in the specifications, a 
clause covering the rounding of the concrete next to the unpro 
tected joints. 

PresipENT Humpurey.—The chair would like to add that 
in foreign roads they place a very thin thickness of tar paper of 
about } in. without any metal protection or rounding of the 
corners; and those roads, 10 or 12 years old, are in excellent 
condition. The chair thinks it is necessary to round the 
corners. 

Mr. Wic.—I would like to amend Mr. Wilson’s motion, and 
change the word ‘‘insert’’ to “consider.” I mean by that, to 
have the Committee consider changing the specification regarding 
the rounding of the corners. 

PRESIDENT HumpHrey.—Is that accepted? 

Mr. WiLson.—- Yes. 

The Convention then instructed the Committee to consider 
the question of the rounding of the concrete on the edges of the 
unprotected joints. 

Mr. Witson.— Mr. President, there is no reference to the 
type of pavement on a country road over 20 ft. in width. Last 
year our specifications for concrete roads over 20 ft. m= width 
said that they should be laid with a uniform thickness of con- 
crete, on a crowned sub-base; there is nothing in this specifica- 
tion which shows the shape of sub-base for country roads over 
20 ft. wide. 


Mr. Kent. 


Mr. Kinney. 


Mr. Wilson 


The President. 


Mr. Wig. 


The President. 
Mr. Wilson, 


Mr. Wilson. 








Mr. Kinney. 


Mr. Wilson. 


The President. 
Mr. Kinney. 
Mr. Wilson. 


Mr. Kinney. 


The President. 


Mr. Whited. 


Mr. Collings. 


Mr. Kinney. 


166 DISCUSSION OF COMMITTEE ON Roaps. 


Mr. Kinney.—This is true, Mr. President, and the Com- 
mittee is ready for instructions from this body as to what you 
want done. It seems to me that those cases are so few that 
they hardly merit our spending a great deal of time on them. 
If we are going to build them over 20 ft. wide, they really become 
streets, m which case the one course street specifications would 
apply. The field is covered very generally when all the specifica- 
tions are taken into consideration. 

Mr. Wiison.—I would suggest then, Mr. President, putting 
a note in this specification stating that for streets over 20 ft. 
wide, certain other specifications should apply. 

PRESIDENT HumMpHREY.—Is that agreeable to the Committee? 

Mr. KInNNEY.— Yes. 

Mr. Witson.—Mr. President, this drawing of the integral 
curb shows a fill of cinders on top of a drain which extends under 
the curb. I believe that is bad construction. I think that the 
drain should be clear of the concrete pavement and the curb, 
because if any settlement takes place—a crack will come between 
the pavement and the curb itself. 

Mr. Kinney.—This is merely a suggestion which calls 
attention to the fact that drainage ought to be taken care of and 
is not supposed to be part of the specification. 

PRESIDENT HumpurReEyY.—If it is only a suggestion you had 
better be safe and have it outside rather than inside. 

Mr. WuitTep.—A good many years ago, Mr. President, in 
the city of Pittsburgh, they used to put their drains almost any- 
where they liked, but when the frost came along the curb did 
not line up very good. So since then they have put cinders or 
broken stone drains under the curbs, and the frost has not dis- 
turbed them any since. 

Mr. Coiiines.—lI should like to ask Mr. Kinney how they 
arrived at the percentage of steel to be used in a sq. ft. of pave- 
ment. I think they recommend .039 and .049. That is equiva- 
lent, I think, to a No. 4 rod. Was it your suggestion to put in 
one rod, or wires? 

Mr. Kinney.—First of all, we started out by using a lighter 
reinforcement, which did not seem. to prove very satisfactory. 
The weight was increased, and it is possible that it may be desir- 
able to increase the weight still more. 
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PRESIDENT HumpHREY.—The Chairman will seek to prepare 
some figures touching that which perhaps will be a little more 
explicit and bring that up this evening. 

Mr. Witson.—Mr. President, on page 7, under Section 5, 
“Materials for Forms,” the specification is not the same as 
“Materials for Forms” in the one course concrete pavement. 
Is there any reason why there should be any change? 

Mr. Kinney.—The specification reads that ‘where forms 
are required they should be free from warp, and of sufficient 
strength to resist springing out of shape; wooden forms shall 
have not less than 2 in. stubs.’”’ Of course, we did not want any 
capping material there, and the simple reason that was changed 
was to provide for integral curb work. It would make it a little 
more general. 

Mr. Witson.—Do you legislate against metal forms? 

Mr. Kinney.—No, not at all. We can add the words, 
“Where metal or plam forms are required, they should be free 
from warp, of sufficient strength to resist springing out of shape.” 

PRESIDENT Humpurey.—The Committee can make those 
two paragraphs harmonious. 

Mr. Witson.—The two paragraphs under “Joints” do not 
harmonize as to the width of joints. I would like to see added 
under “Fine Aggregate’? a paragraph which is along the line of 
the paragraph in the one course work, that mortar of the pro- 
portion of 1 part cement to 3 parts sand shall develop the same 
strength as mortar made with the same cement and Standard 
Ottawa sand. 

PRESIDENT HumpHREY.—The chair presumes that the Com- 
mittee has no objection to that. The paragraphs ought to be 
harmonized all through the specification. 

Mr. L. J. Menscu.—The figures .049 sq. in. of steel per foot 
is given. That seems to me nowhere near enough. It is nothing 
at all. I know of structures that show cracks of } in. where they 
had been reinforced twice as much. Mr. Mueller said this morn- 
ing that shrinkage of concrete amounts to .068. Now, that is 
too high. It is possibly not even half that. I am sure that 
after 5 years it will be shown that the amount of .049 is not suffi- 
cient. As far as bars are concerned, corrugated bars will cause 
more cracks, but the cracks are very much smaller, very much 
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finer. The corrugated bar will develop cracks, very many cracks 
a short distance apart, 2 or 3 in. apart, but only a 10,000th of an 
in. wide, while the plain rod might show a crack of } in. 10. ft. 
apart. 

Mr. Witson.—Mr. President, it seems to me that there is a 
practical proposition involved here that has absolutely nothing 
to do with ordinary reinforcing problems. It is a matter of the 
cost of placing the reinforcement; and I am sure that we all agree 
the cost is prohibitive. As far as the .049 is concerned, it has 
been demonstrated in a good many concrete pavements that it 
does good work. I know of practically no pavement that has 
been reinforced with plain bars, using high carbon steel. The 
contractor never would do it more than once, because it would 
cost him entirely too much to place the reinforcement. A road- 
way is very different from a building or any other concrete 
construction. 

Mr. Menscu.—I placed it in a pavement 100 ft. wide and 
200 ft. long, in the city of San Francisco, where we had to pay 
$5 a day for men. 

Mr. Kinney.—This suggested specification was presented by 
Mr. Collings to the Secretary of the Committee, and is open for 
your discussion. Before discussing it, it seems to me that we 
might call your attention to the fact that this provides a lighter 
reinforcement than that which is not called for in the specifica- 
tions. From the discussion yesterday—a desire was expressed 
for a heavier rather than a lighter reinforcement. It also makes 
a change from a 70,000 lb. ultimate strength to a 70,000 lb. elastic 
limit. That was very thoroughly discussed in the Committee last 
year, and it was decided that it would be working against certain 
very satisfactory materials that cannot, show 70,000 Ib. elastic 
limit. Considering those things, we are hardly justified in making 
this change. 

PRESIDENT HumpHREY.—In view of the fact that this is 
important, Mr. Collings will probably be satisfied to have that 
go back to the Committee for consideration and report next year. 

Mr. Coiiincs.—That is perfectly satisfactory. Might | 
explain for just a moment in regard to that? In making that 
suggestion we were keeping in mind the present commercial 
condition that confronts material of this sort. You can very 
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easily, without any trouble, get 70,000 lb. of elastic limit in a 
No. 10 or 12 wire. In regard to Mr. Kinney’s mentioning the 
fact that it was much lighter, I think that three No. 10 wires in 
a foot of width of pavement would bring the cross-section area 
to just exactly the same as it was before, .0839—.049. That was 
the intention, to get it as closely as possible to that. I do not 
know how the Committee arrived at that area. Of course, in 
our other specification there is no definite wire given at all; so in 
order to get it down positively to something, we have mentioned 
just three wires in a foot of width. The intention was to get 
exactly the same strength which the original specification called 
for, and no more elastic limit. 

Mr. B.S. PrEAse.—I believe it would be a mistake to change 
the specification on the elastic limit. We do not wish to exclude 
material that should have an opportunity of being represented, 
and accept a definite size of wire and definite spacing. I think 
it would be a mistake to mecorporate in a specification of this 
kind a certain size of wire and certain spacing. To me a specifica- 
tion that covers the strength, and that also covers the sectional 
area of steel, is preferable to one that will give certain definite 
size. For that reason I think you either ought to leave the 
specification as it is included in the original report, or else lay it 
over for further examination, and appoint a Committee. 

Mr. E. G. Perrot.—Mr. President, as a member of this 
Institute I, for one, object to any specification that specifies 
patent materials in any form or shape. Reinforced concrete 
‘an be made with plain bars, without putting in any wire what- 
soever, provided the strength is obtained. Why should we put 
in a certain sized wire, at a certain point? I do not think we 
have a right to do that, and I do not think the Committee has a 
right to do that. 

The Convention voted to refer Mr. Collings proposed specifi- 
cation for reinforcement to the Committee and adopted the 
Committee’s report as amended. 
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ORGANIZATION AND METHODS OF CONSTRUCTING 
CONCRETE ROADS. 


By Wiiiiam M. AcHEson.* 
ee 

In the construction of highways, real success or failure 
depends wholly upon the organization, both from an economical 
and practical standpoint. This is probably more true of a con- 
crete pavement than any other type. The reason for this is that 
concrete work in itself is so simple and staple that the preparation 
of concrete is generally the only feature to be taken into con- 
sideration. The organization which we will now outline is to 
take care of a 16-ft. standard highway at least 4 miles long. To 
handle this work successfully from a contractor’s standpoint 
there should be a competent superintendent, a grade foreman, 
a foreman in charge of the concrete work, and one in charge 
of the hauling and distributing of material. The latter is one of 
the most important essentials contributing to the successful 
carrying on of the work without delays, for if the material is dis- 
tributed properly there should never be a time during the con- 
struction of this road, when material would have to be delivered to 
the concrete mixer at a greater distance than 50 ft.; this mate- 
rial should be distributed in windrows, sand on one side and stone 
on the other. There should also be a foreman who has charge 
of the concrete mixer and gang, which includes the screeding, 
the covering and the curing of the pavement. Included in this 
organization are the men who will place the expansion joints. 
The materials for these joints are to be handled by the foreman 
in charge of the distribution of the material. A mixing gang 
should comprise about 25 men, the entire organization necessary 
for placing the concrete pavement, based upon an equipment 
which has an output of 1,000 sq. yds., 6 in. thick and 16 ft. wide. 

The success of the above organization depends wholly upon 
a capable superintendent who has had varied experience, as he 
will have the entire supervision of pumps, pump lines, rollers and 
concrete mixers; and while practically all of the work in con- 
- * Division Engineer, Commission of Highways, State of New York, Buffalo, N. 
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nection with the concrete pavement is performed by laborers 
classed as unskilled, many of the operations require knack and 
skill, such as installing the joints, screeding and smoothing the 
pavement. 

From an engineering standpoint there should be in charge of 
this work an engineer supervising the inspection and laying out 
the work. This man should at all times be on the look-out to 
take advantage of all possible changes in grade and alignment 
which may be deemed advisable as the work progresses, also that 
the state, city or other municipality in this way be assured that 
the work is being carried on to comply with the specifications. 

Both from an engineering and construction standpoint, a 
concrete road is a very satisfactory type, for the reason that as 
soon as the prism of the road is properly laid, it means only a 
short period before it will be opened to traffic, and it is not sub- 
ject to delays during construction caused by climatic condition. 

From a practical demonstration, during the past year, in 
the mixing of concrete, we believe that we have learned a very 
important fact, namely, that uhe bucket type of mixer is the most 
satisfactory and economical to operate. It has also been demon- 
strated by trial and test that 12 revolutions afford required results 
as far as the mixing of the aggregates is concerned. 

The most important item in concrete construction is the 
preparation of the road-bed. By this is meant getting it into a 
condition to aid the pavement in giving the greatest durability, 
and, at the same time, to afford the greatest resistance to all 
climatic conditions and changes. In this, drainage is a very 
essential item. All bad, soft or yielding soil should be excavated. 
If it is seen, during this time, that drainage is necessary, porous 
tile drains should be laid. These porous tile drains should be so 
laid that they take all of the under soil seepage within their zone, 
and for this result the grade foreman and the engineer are abso- 
lutely responsible, for they, during the preliminary work on a 
grade, obtain first hand information as to the soft, yielding spots. 
From the work done during the past year, in connection with this, 
I want to bring out one point very strongly, namely, where soft, 
yielding spots are found, the foundation course should be con- 
structed of selected material, gravel preferably, aided by a porous 
tile drainage. I do not believe that a foundation course composed 
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of large stone is successful for a concrete pavement. What | 
am endeavoring to bring out here is that the foundation course 
should be very compact, and bad spots should be noted by the 
engineer, and an extra thickness of slab, reinforced, placed over 
same. 

Porous tile, when used in connection with a concrete pave- 
ment, should at all times be placed under the pavement and on a 
grade which will give a quick run-off. On side hills, tile drainage 
should be put along the side of the road and at least 8 in. below 
the frost line and should have frequent openings in order to dis- 
charge the water. In carrying this water, ditches should at all 
times be constructed which insure the water being discharged 
immediately from the prism of the highway. The result of all 
this is to increase the bearing power of the sub-grade and insure 
a better foundation. 

After drainage the next important item in connection with 
the preparation of the sub-grade is the handling of cuts and fills. 
Fills should always be made'with a maximum layer of 5 in. and 
should be rolled with a grooved roller. In all cuts particular 
attention should be paid to the character of the soil, for it has 
been demonstrated frequently in past experience that in cuts 
there are many soft spongy spots. This is primarily caused by 
seepage. 

After the sub-grade is properly prepared by rolling and 
draining, an important consideration is its alignment in con- 
nection with the finished pavement. This alignment should 
coincide at all times. 

After the sub-grade is prepared to meet with the specifica- 
tions, the material should then be placed. This work comes 
under the supervision of the foreman in charge of materials, and 
the man who is alert and knows the requirements can save his 
pay many times over during the course of the work by the proper 
placing of materials. He is also responsible for the delivery of 
the cement, coal for power and expansion joints. 

With the delivery of this material, the work then devolves 
upon the mixing foreman, who should be capable of placing an 
average of 400 ft. of 16-ft. concrete pavement, 6 in. thick, in 10 
hours. Under ordinary conditions after this pavement is laid 
10 days, it is ready to be opened for traffic. The trimming up of 
the highway then falls to the grade foreman. 
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There should be at least a mile of material ahead of the 
concrete gang at all times. This is to insure against any possible 
delays due to lack of shipping facilities and inability to haul after 
rains. No hauling should be allowed upon the sub-grade under 
any conditions which would be liable to rut it. In the placing of 
concrete pavement, it is always possible, due to the side forms 
which are used, for the engineer to check up his grades. 

In conclusion, I desire to point out that the materials must 
be absolutely clean, all defects of the sub-grade must receive 
proper treatment, and the principle of drainage must be para- 
mount always in the engineer’s mind. 








- COST OF CONSTRUCTION AND MAINTENANCE OF 
CONCRETE ROADS. 


By H. J. Kuve uina.* 
ma 

The question, ‘ What is the cost per square yard or per mile 
of concrete road?” is as easily answered as “‘ What is the cost of a 
house?”’ Qne is as definite as the other, for there are almost as 
many kinds of concrete as there are houses, and for each kind 
there is a different answer. 

Even after the quality and thickness of concrete to be built 
has been determined there are naturally many local conditions 
which will have a marked bearing on the results: such as length 
and kind of roads available over which to haul material; facilities 
for unloading and hauling aggregates and cement; amount of labor 
available; the necessity for camps; the distance and elevation 
that water must be carried and also its source; the availability 
of suitable aggregates, whether they must be washed, or crushed, 
or shipped by rail; and the weather conditions that are liable to 
exist. Any or several of these conditions may have a marked 
effect on the cost of construction. Given answers to these ques- 
tions or conditions the problem of figuring the cost becomes much 
simplified. 

Assuming the standard Wisconsin State Specifications which 
call for a 1 : 2 : 33 mix and assuming a pavement with an average 
thickness of 7 in., I will attempt to show you how we arrive at our 
estimates of costs. Some of the statements may seem like the 
A. B. C. of engineering but perhaps will be of assistance to laymen. 

With an average thickness of 7 in. we allow only 5 sq. yds. 
per cu. yd. of concrete giving the extra inch as a factor of safety. 

With a 1 : 2:3} mix we know that we need approximately 
5 cu. yd. of sand and about 0.84 cu. yds. of aggregate or a total 
in all of about 13 cu. yds. of material for a cubic yard of concrete. 
No suitable material is available without shipping in by rail and 
we find that washed sand and gravel can be laid down at almost 


*County Highway Commissioner, Milwaukee, Wis 
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any siding in the county for $1.00 per cu. yd. of sand or gravel, 
the sand to weigh 3,000 lbs. per cu. yd. and the aggregate a little 
less, depending upon the idea of the dealer. 

This brings our sand and gravel for a cu. yd. of concrete to 
about $1.33, or about $.27 per sq. yd. of road. 

The next problem encountered is unloading this material 
onto the hauling vehicle. In our case nearly all has been done by 
hand. Allowing for lost time due to rain, switching of cars and 
waiting for teams; and figuring labor at from $2.25 to $2.50 per 
day of 10 hours, we have a cost of $.05 per sq. yd. for unloading. 
This may be reduced a little, but we have found it safer not to 
expect too much from shovelers, especially in hot weather. 

The next item that of hauling, is the most variable of any, 
perhaps, in the entire cost. The length of haul, the method of 
hauling and the kind of roads to haul over—all have a marked 
bearing on the result; here also, possible weather conditions must 
be taken into account, for after a rain the size of load and number 
of trips must be reduced materially. Where steep grades are 
encountered, extra teams must be figured upon. Assuming an 
average haul of 2} miles a team would average about 3} trips per 
day under our conditions or about 17 miles per 10-hour day during 
the various kinds of weather. At $6 per day, which we often 
are forced to pay, and assuming an average of 1} cu. yds. per load 
we arrive at a cost of $1.35 per cu. yd. of concrete, or $.27 per sq. 
yd. of road. 

The mixing and placing, under which we include all labor 
connected with the job, such as watchmen, pumpmen, smoothing 
grade, etc., will with our labor conditions and allowing for lost 
time and overhead expenses, come to about $1 per cu. yd. or 
$.20 per sq. yd. 

In case steel joints are placed these will come to about $.025 
for the steel and $.005 for the felt when placed 50 ft. apart and } 
in. in thickness of felt. 

The cost of furnishing water is rather uncertain, for the 
amount of pipe necessary may vary from 1 to 3 or even more miles 
per job. Assuming 2 miles of pipe at a rental of $.02 per ft. for 
use in placing a road 1 mile long we have a water cost of about 
$.02 per sq. yd. 
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For carrying liability insurance a contractor must add about 
$.015 in our state. 

The depreciation on machinery we have found to be about 
$.0125 per sq. yd. 

Trimming up the shoulders will require an additional expend- 
iture of about $.01. 

The items as enumerated bring us to a total of $.873, to which 
we add a reasonable profit when figuring what a contractor should 
bid. 

Since we furnish cement in all cases we add our cement 
cost only after the profit percentage has been included. With 
cement at $1.14 per bbl. on cars and $.20 per bbl. for cartage, we 
arrive at a cost of about $2.25 per cu. yd. of concrete for cement, 
or $.45 per sq. yd. 

This gives us a total of $1.32 without a contractor’s profit, 
under the conditions we met in 1913. Work done in 1913 by force 
account varied from $1.30 to $1.61 and that done by contract 
varied from $1.24 to $1.72, the variations depending entirely upon 
the local conditions. 

In 1914, with cement slightly higher but with labor and teams 
considerably cheaper, but other conditions about as in 1913, 
the costs in Milwaukee County varied from $1.10 to $1.45. 

An engineer should be able thus to compute the cost of the 
various items in his community and separate the labor and material 
into fairly definite percentages for each job. He will find that 
cement will vary the least while hauling labor will vary the most. 

In conclusion, on the question of cost of construction, I want 
to repeat that it is merely a guess unless all the local conditions 
are considered. 


MAINTENANCE. 


The question of maintenance is one which will vary with the 
quality of concrete in the road. In other words, concrete which 
is of uniform texture will wear in a manner similar to sandstone 
blocks and therefore demand very little maintenance whether the 
aggregate be of hard or fairly soft material; the harder and tougher 
the sand and stone, the longer the life of the pavement. Where 
the mortar and the aggregate are allowed to become separated 
when the concrete is being placed, there is certain to be an uneven 
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wearing of the surface which naturally becomes more and more 
pronounced as the traffic pounds, in falling into or climbing out of 
the depression. 

It would, therefore, seem that the first maintenance required 
in a concrete road is to get as uniform and tough an aggregate 
as possible and then to be sure that the concrete is properly mixed 
and placed. In case small depressions do occur the time to look 
after them is as soon as they appear. We believe the best method 
to be about as follows: 

The surface should be swept first with a steel broom to loosen 
any dirt; after this the spot should be thoroughly swept with 
fibre street brooms, to remove the fine dust which the steel brooms 
leave behind. We use ordinary house brooms which leave the 
surface in fairly clean condition. 

The depression is filled then with hot Tarvia X and covered 
with coarse sand or screenings and opened to traffic. In case the 
depression is of considerable depth, or what might be called a hole, 
I would advise one of two methods. First (in case you want to 
avoid delaying traffic) clean the depression as already described, 
and then paint it with a tar, upon which bring the whole to grade 
with crushed stone, being careful not to have stone as large in size 
as the depth of the depression. Tamp the stone in place with hand 
tampers or roll with a roller, if one is available, and fill the voids 
with a heavy bituminous road binder, allowing about 1 gal. per 
sq. yd. per in. in depth. The second method is to cut the poor 
place out entirely and after trimming the hole and thoroughly 
sprinkling the sides, fill with the same mixture as was used in the 
original road. After pouring the concrete, treat the same as in 
reconstruction. 

Small defects due to balls of clay, sticks or coal getting into 
the aggregate may be best repaired the same as described for 
shallow depressions. The same is true of battered joints or cracks 
which may appear. 

We consider it economy to have a small maintenance crew go 
over all the roads in the county once or twice each year. Such a 
crew consists of a foreman, 1 team, and 4 laborers. This crew, 
under average conditions, in Milwaukee County, will cover all 
the joints, cracks and small pits in from 1 to 2 miles of 18-ft. road 
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in 1 day at a cost of from $15 to $30 per mile for labor and 
material. 

When it is deemed advisable to cover the entire surface, 
the same method of cleaning may be followed excepting that most 
of the dirt may be removed with a power sweeper and the tar, 
applied with a power sprayer. After the first treatment of } to 
+ gal. of tar has been applied, a second may be added in the same 
manner excepting that an asphalt may be substituted for the tar 
as it will adhere to the tar already placed where it will not to the 
concrete. We have several pieces treated in different manners 
as to materials used and are looking forward with interest to see 
in what conditions they appear this spring. 

Treatment of concrete roads as a whole, whether necessitated 
by poor workmanship, defective materials, or freezing, is con- 
sidered a rather expensive process compared with spending more 
in the original cost and getting a road of a quality that will not 
require such a coating for many years. Even if a treatment 
will last for two seasons, which is very doubtful under conditions 
of heavy mixed traffic, the cost will come to several hundred 
dollars per mile per year. Of course such a coating has some 
advantages such as acting as a cushion to horses, preventing Wear 
on the concrete itself, doing away with glare and being applied 
without delaying traffic. On the other hand, it makes the road 
more slippery and a little less clean. The writer believes that 
the time is not far distant when a coating of concrete one or more 
inches in thickness will be applied to a poorly built concrete road 
and made to stay there, thus giving an entirely new wearing 
surface. 

In conclusion we believe that maintenance varies inversely 
as the quality and uniformity of the concrete in the road, not 
arithmetically but more nearly geometrically, due to the uniform 
wearing of a uniform concrete. 








DISCUSSION. 


Mr. J. W. Lowetu.—I1 would like to ask Mr. Kuelling what Mr. Loweu. 
he thinks is an equitable profit for contractors in the construction 
of concrete roads. 

Mr. H. J. KUELLING. Something in the neighborhood of Mr. Kuelling 
15 per cent on the labor, and a little less on the material. 


Mr. LowE.Li.— Does that come to about 12 per cent of the Mr. Lowell 
total cost of construction? 
Mr. KvueEtuinGc.— It will come somewhere near that. Mr. Kuelling. 
Mr. Loweii.—And for contingencies you would add to that Mr. Lowell. 
what you think proper? 
Mr. Kvetiuine.—What would you call contingencies? Mr. Kuelling. 
Mr. Loweii.—Overhead charges, not including imsurance Mr. Lowell. 
and depreciation on equipment, or anything that could be figured, 
but things that might come up, upon which you could not caleu- 
late. 
Mr. Kvewuunc.—lI have included in my estimate most of Mr. Kuelling. 


the contingencies. Depreciation on machinery and _ liability 
insurance are both in there. 

Mr. LowE.u.— Other than that, do you allow for any contin- M*™ bowel 
gency in construction? 

Mr. KvewtuinG.—I have allowed for this in my figures. 17 mr. Kuetling. 
miles per day teams allows for contingencies, and that is carried 
all the way through the figures. 

Mr. LoweE.i.— You have used those contingencies with each m 
calculation? 


. Lowell. 


= 


Mr. KvuELLING.—Yes; and over and above that, I think that Mr. Kuelling. 
contractor is entitled to about 15 per cent on the labor, and 
about 10 per cent on his material, depending on where he gets 
his material. 

Mr. Lowetui.—That would make about 12 per cent of the Mr. Lowell. 
total cost of construction? 

Mr. Kvuetunc.—Yes. Out of that he does not have to take Mr. Kuelling. 
his contingencies. 











COMPARATIVE COSTS OF CONCRETE ROADS. 


By Percy H. Witson.* 


ee 

The estimated cost of a concrete road in a given location 
may be made in one of 3 ways: first, by making an estimate per 
mile, based on what other roads have cost under approximately 
the same construction conditions; second, by itemizing each 
detail after full surveys have been made, grade lines established 
and costs of materials and length and character of haul obtained: 
and third, by the contractor making (a) a scientific guess based 
on carefully prepared unit prices obtained locally, using all avail- 
able information gathered on the ground, or, (6) an estimate 
rendered with the idea of taking a chance that no one else has cut 
lower on the engineer’s estimate and that the engineer has been 
somewhat liberal in preparing said estimate. 

Inasmuch as comparisons of average costs of concrete roads 
can be used only in arriving at the most general kind of cost data, 
this paper will deal more particularly with the second, or engineer's 
estimate, and the third, the actual cost to a contractor after he 
has based his prices on accurate information. 

In arriving at figures which may show true comparisons of 
the relative cost between concrete pavements or roads in various 
locations, there are countless items which, necessarily, have to be 
taken into account that do not enter into the final figures which 
can be deduced. These figures may be called “cost factors’”’ and 
include grading, excavation, the general method of construction, 
the cost of bridges and culverts and the character of the soil of 
the subgrade. 

The most logical way to compare the relative cost of concrete 
pavements is to eliminate all the “cost factors’; for instance, 
eliminating such ones as earth excavation, rock excavation, over- 
haul and stone filling, inasmuch as they are common to all types. 

In view of the fact that this phase of the subject has not been 
given the consideration it merits, the Association has for the past 
year been gathering information regarding the actual costs of con 

* Secretary, The Association of American Portland Cement Manufacturers 


(180) 








WILSON ON COMPARATIVE Cost OF CONCRETE Roaps. 181 


Kic. 1—Form A. 


State Contract No. to Co. 

Work Began or Completed Began or Finished Concrete Working Days 

Cross Section Contractor 

Equipment Ton Roller (__) Traction Engines Wheel Scrapers 
Scarifier H. P. Pump Sand Washing Plant Capacity 


DAILY REPORT 191 Road Ass’t 


P . Cost 
. Wages --,. Total Cost ny 
LABOR a per _— Amount per x Y. 
- Hour ~°*' Handled C. ¥ nc 


ment 


On Sand at P't or Washer 
On Sand at Work 
On Stone at Cars or Quarry 
On Stone at Work 
Wheeling Sand at Job 
Wheeling Stone at Job 
On Mixer, Loader 
, Engineman 
Fireman 
Chute or Bucket 

Sub Grade before Mixer 
Sub Grade behind Mixer 
Leveling Concrete 
Templet Men 
Finishing Pavement 
Forms, Joints and Rein- 

forcement Men 
Wetting Pavement 
Covering New Pavement 
Superintendent 
Watchmen 
Timekeeper 
Foremen 
Carpenter 
Engineman at Sand 

Washer 
Engineman at Crusher 


Cost : Amount Cost 
‘rage . Cos 
Average Amount CY rat per | per 


Total Haul | Hauled PS: per PY | PY 


Cos 
ost or or 1000 


TEAMING No. per a 
Pump | Pumped Gal. Mile! * Job 


Pave- Pave- 
ment | ment 


Sand 
Stone 
Cement 


Water 


; Int. and De , , Cost per 
“) . Cost of : Cost of Cost of Amt. Rolled, Re 

MEC H ANIC Al ’ Plant 7 ol lant Labor Supplies Pumped, ete. * Y 
EQUIPMENT 0.00154 x Cost 


Pave 
ment 


Steam Roller 

Wheel Scraper 

Searifier 

Pumps 

Mixer 

Forms 

Barrows, Boxes, ete 

Tractor 

Wagons 

Sand or Gravel Washing 
Plant 

Stone Crushing Plant 
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crete roads or pavements, tabulating the material gathered in the 
field in such a manner as to admit of its being analyzed and used 
for reference purposes. 

The illustrations (Figs. 1 and 2) are of a typical report turned 
in weekly by its representative on a given contract. For ease of 
tabulation the cost is divided into 5 major items,—labor, teaming, 


Fic. 2.—Form A. 

Quantities and Cost of Materials Theoretically Required and Actually Used on 
be. 

8 P 


of above Road 
Barrel of Cement = 3.8 Cu. Ft. 
Cost per 


S. Y. of 


Pavement 


HE TTC Per Unit Average Cost of Total Cost 
THEORETICAL Cost Haul Haul at Job 


Cement bbls. F. O. B. Cars 
Sand ce Be F. O. B. Cars 
C. Y. Pit 
Stone or Gravel ct. F. O. B. Cars 
C. ¥. Pit 
ACTUAL 
Cement 
Sand 
Stone or Gravel 
Steel or Wooden Joints 
Tar Paper 
Steel, Reinforcement 
MISCELLANEOUS ITEMS 
Stripping Sand Pit 
Freight on Equipment 
Miscellaneous Teaming 
Oil, Coal, Gas, Repairs 
Labor, Unloading Mixer 
Laying Pipe, Lost Time 


TOTAL Total 8. ¥ 
Road 


GRAND 
TOTAL 


NOTES: 


mechanical equipment, actual quantities used in constructing the 
concrete pavement and various miscellaneous items. 

The labor (exclusive of that used under mechanical equip- 
ment) is sub-divided according to where it is used, as at the sand 
pit or washer, on sand at the work, on stone at the cars or quarry, 
at or near the mixer, which includes wheeling and shoveling and 
actual mixer work, on the sub-grade and that used in the con- 
structing of the pavement. It also includes superintendence, 
watchman, timekeeper, foreman, etc. 
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A perusal of the 1914 cost sheets covering 1,500,000 sq. yds. 
justifies the statement that it would pay the general contractor 
to tabulate labor used along the general lines given above, inas- 
much as detailed figures would surely show him how to place his 
men or gangs so that they can work more efficiently. 

The tabulation of labor also gives the total amount of material 
handled and, from this, the amount handled per man per day can 
be readily obtained. 

For reference purposes the costs of various items have been 
reduced to cost per sq. yd. of pavement. 

The cost of teaming is dealt with in the same general manner 
and is sub-divided so that costs may be obtained whether teams, 
traction engines or industrial railways are used. As in labor, the 
cost is sub-divided for comparative purposes and tabulated in 
cost per sq. yd. of pavement. 

Under mechanical equipment is shown the separate items in 
the cost of plant; the cost of labor, supplies, and where possible, 
the amount of work done; working figures for interest and depre- 
ciation have been assumed. This, for comparative purposes, is 
also tabulated in the cost per sq. yd. of pavement. 

The actual quantities used on a given day for the construction 
of a given amount of pavement are shown and, by comparing the 
quantities with the cross-section of road given on Forms A, it 
can be determined whether or not the actual quantities agree with 
what they theoretically should be. The tabulation is so arranged 
that the cost of materials used daily may be lumped quickly, this 
cost not including teaming, labor, etc. 

The miscellaneous items are naturally small in the long run, 
but, for close figures, they should be included where practicable, 
and reduced to cost per sq. yd. of pavement. 

A great many contracts during the year 1914 were worked 
up along the lines noted above and the average costs of work in 
the various states are given in Table 1. 

It may seem to some that this method is too detailed to allow 
of practical use in every-day construction, but it is interesting to 
note that in one particular road, picked at random, approximately 
5 miles long, the contractor’s price per mile for the road was 
$13,370.00. The bid price for concrete pavement was $5.50 
per cu. yd.; 1590 cu. yds of concrete were used per mile of road; 
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thus the contractor received $8745.00 per mile for concrete alone. 
Cost data sheets turned in weekly on this contract showed very 
clearly that the concrete was costing the contractor at the rate of 
about $9350.00 per mile, and he was, therefore, losing $605.00 
per mile on the concrete. Undoubtedly, the contractor could 
have obtained this cost data easily and it would have been useful 
to him in his future work. 

It is believed that this feature of concrete road construction 
‘cannot be emphasized sufficiently and that it merits careful 
consideration by the American Concrete Institute and might very 


TaBLE I—AveRAGE Cost PER Se. Yo. or ConcreTE Roaps (1914 


Mec hanical 


State Labor Teaming Equip- Materials Misce ota N 
ment laneous Sq 
Connecticut $181 $.142 $. O4¢ $.752 $ O01 $1_ OSS 200,066 
Florida 108 028 0038 R38 01 99] 13.00% 
Indiana 134 130 044 777 022 1.017 89.794 
Illinois 136 101 083 528 016 814 17,97 
owa... 213 Us4 (28 789 086 1.116 90,364 
Kansas 396 6 819 007 1.248 15 
Kentucky 146 214 020 477 O1S 875 4.144 
Maryland 111 128 065 716 057 1.077 6,211 
Massachusetts 195 104 039 609 M7 26,20 
Michigan 222 (82 (21 655 O54 1.028 92,217 
Mississippi 261 O85 150 642 4 1.232 2 
Missouri 209 133 027 656 59 1 045 2? 37¢ 
New Hampshire 126 097 082 907 1.162 
New Jersey 179 O89 016 797 1 091 g 
New York 156 O85 055 666 05 1.027 730,982 
Ohio 181 091 067 642 009 O4t 58,968 
Pennsylvania 279 091 081 742 1. 269 10,072 
exas 316 117 007 66S It 1.123 6,64 

West Virginia 098 060 912 1.07 10,045 
Wisconsin. . 188 110 045 682 023 1.033 61,879 
Grand Average 183 105 O40 719 046 1.058* 1,498,883 


* Exclusive of profits and overhead charges 
t 50 per cent of this was labor. 


readily form the work of a sub-committee, this sub-committee to 
be commissioned with preparation of standardized cost data sheets 
for concrete road construction. 

It is rather difficult to make specific recommendations con- 
cerning a basis of comparison, as far as economy is concerned, 
between concrete pavements and those of other materials. The 
selection of a type of highway depends upon 3 major items: first, 
the present traffic on the highway, and whether or not the improve- 
ment will increase this traffic and, therefore, call for a more 
permanent type; second, the relative first cost of the various types 
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of roads, eliminating the cost of the right-of-way items such as 
additional land, excavation, embankments, bridges, retaining 
walls, ete.; and third, the yearly cost of maintenance on the vari- 
ous types of roads. It is a well-known fact that both the increase 
and change in class of traffic warrants the closest consideration 
in selecting the type of construction to be used on our country 
highways. 

Many well-known engineers have given as their opinion on 
future traffic conditions, that it is unwise to be conservative in 
view of the fact that the intensity, the speed and the wheel loads 
of vehicles are increasing rapidly. All opinions of this kind point 
towards concrete as the ultimate solution of the road problem. 

It is the consensus of opinion among a great many engineers 
that a concrete foundation is a good investment and that it is 
wise and economical to place it under the majority of types of 
pavements on our main trunk lines. 

It is mteresting to note in this connection a comparison of 
costs of approximately 80 miles, 16 ft. wide, 1 : 1} :3 concrete 
pavement and 35 miles of 16 ft., 1 : 2} : 5 concrete foundations. 
The average bid for the concrete road was $1.06 per sq. yd. The 
average bid price for the foundation was $.84, showing a difference 
of only $.22 per sq. yd. in favor of the concrete foundation. 

When one takes into consideration that a properly constructed 
concrete road has a life of at least 20 years with minimum main- 
tenance charges and that its surface can be made as non-slippery 
and even as that of any other type, does it not seem that the 
builders of concrete roads are looking far into the future? The 
investment in concrete roads will bring In many times greater 
returns than investments in other types and the concrete road can 
be made the foundation for some other type when the total yearly 
cost of repairs reaches an amount which warrants such improve- 
ment. 

The tabulated costs of many 1914 concrete road contracts 
are detailed in Table No. 1, and from these figures may be obtained 
a first cost of concrete roadway for comparative purposes, eliminat- 
ing the cost of all right-of-way items, as noted above. 

The yearly cost of maintenance for a concrete road surface 
may be obtained from the Proceedings of the First National 
Conference on Concrete Roads, held in February, 1914, 
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DISCUSSION. 


Mr. H. J. Kuve tiinc.—I would like to ask Mr. Wilson what 
he means by mechanical equipment. He gave an item of mechani- 
cal equipment of about $.05, if I remember rightly. I had in mind 
$.0125. I wanted to know what the difference was. 

Mr. Percy H. Witson.—Probably you did not include the 
cost of the mixer. 

Mr. Kvetiinc.—Yes, I did. One mixer will put in 50,000 
sq. yds. in the summer very easily. That would not be a very big 
item. 

Mr. Wiison.—50,000 sq. yds. on a 16-ft. road would be 5 
miles. That figure on equipment is somewhat high. 

Mr. Kve.iine.—The total cost of equipment on one of my 
jobs will run about $1500; and if 50,000 sq. yds. are put in at 
$.01, it would amount to only $500. It has depreciated about 
33 per cent. I figure that interest and depreciation on my equip- 
ment is about $.0125 per sq. yd. 

Mr. Witson.—In tabulating mechanical equipment costs 
we considered the daily charge for interest and depreciation to be 
0.154 of one per cent. of the cost of all equipment used. We also 
placed the cost of labor used on mechanical equipment under this 
heading. It is of interest to note that of the average cost of 
mechanical equipment, $0.04 per sq. yd., as given in table No. 1, 
$0.022 was interest and depreciation of equipment and $0.018 
was labor used on mechanical equipment. 

Mr. J. W. Lowretu.—I have estimated quite a few sq. yds. 
of concrete pavement, and I have always taken the item of depre- 
ciation of equipment as a matter of percentage, taking the factor 
of .17 of 1 per cent of the cost of equipment, per day, on the job. 
That is, if the job runs 60 days, say the cost of equipment was 
$5,000, multiplying that by .17 of one per cent, times 60, gives the 
depreciation on all mechanical equipment, including wheelbarrows, 
shovels, forms, and other such items. I have found that that 
factor has worked out very successfully. I did not obtain that 
factor from any test, but I believe that Taylor & Thompson give 
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data which will coincide very closely with that and other cost 
data on depreciation of concrete machinery and contractor’s 
equipment. I have checked that up with actual practice, and 
found that it did not come very far from the actual conditions. 

Mr. Witson.—Mr. President, I believe in figuring costs on 
road work, or on any other contractor’s work, that it is all right 
to figure a percentage of depreciation on the mixer. On a concrete 
road, where the mixer is practically the only large piece of equip- 
ment which the contractor uses on the concrete itself—and that 
leaves out horses and carts—lI believe that the sound way to charge 
his equipment up is to charge all of the small tools, including 
wheelbarrows, or concrete buggies, and the concrete itself, as 
part of the expense. It certainly is safe to do that. 


Mr. Lowell. 


Mr. Wilson. 








REPORT OF THE COMMITTEE ON NOMENCLATURE. 


The Committee on Nomenclature submits the following pre- 
liminary list of definitions of the more common terms used in 
concrete work. This list has been amended in some particulars 
from the one presented at the last annual meeting in order to 
meet the criticisms brought out by the presentation at that time. 

The Committee submits these definitions for the considera- 
tion and discussion of the Institute. They are in no way offered 
as final. It is recognized that some of the terms defined have 
different meanings in different localities, but unless some authorita- 
tive body lays down one definite meaning for such unsettled terms 
the present confusion will only be prolonged. It is, therefore, 
hoped that the members of the Institute will freely discuss the 
proposed definitions so that at the next annual meeting the Com- 
mittee may be prepared to submit definitions which will stand 
more than a fair chance of general acceptance. 

The Committee has made an effort to co-operate with other 
societies engaged in similar work, but can report little success 
along that line. It is thought best to publish our present results 
in the hope that such publication may facilitate co-operation in the 
future. 

I. CONCRETE. 

An artificial stone formed by the mixture of hydraulic cement 
with water and an aggregate composed of hard inert particles of 
various sizes. 

Reinforced Concrete——Concrete in which metal (generally 
steel) has been imbedded in proportionately small sections in such 
a manner that the metal and the concrete assist each other in 
taking stress. 

Rubble Concrete—Concrete in which large stones are imbedded 
after mixing and during placing. 


I]. CEMENT. 
Portland Cement.—The finely pulverized product resulting 
from a calcination to incipient fusion of an intimate mixture of 
properly proportioned argillaceous and calcareous materials and 
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to which no addition greater than 3% has been added subsequent 
to calcination. 

Natural Cement.—The finely pulverized product resulting 
from a calcination of an argillaceous limestone at a temperature 
sufficient only to drive off the carbonic acid gas. 

Sand Cement.—The finely pulverized product of an intimate 
mixture in varying proportions (generally one-half of each) of 
clean silicious sand and Portland cement. 

Puzzolan Cement.—The finely pulverized product of a mechan- 
ical mixture of voleanic ashes or basic blast furnace slag with 
powdered slaked lime. When slag is used this is sometimes 
known as slag-cement.* 

Ferro, etc., Cements.—Portland cements with a high percentage 
of iron are divided into ferro-portlands and ferrite cements. 
Ferro-portlands are portland cements, containing an appreciable 
percentage of alumina, with the iron oxide-alumina ratio ranging 
between 1:1 and 4:1. Ferrite cements contain little or no 
alumina, with the iron oxide-alumina ratio exceeding 4 : 1. 


Il]. AGGREGATE. 


The inert material which in combination with cement and 
water comprises the essential ingredients of concrete. 

Fine Aggregate-—Natural sand or stone screenings, graded 
from fine to coarse, passing when dry a screen having holes } in. 
in diameter. 

Sand.—The finely divided material resulting from the natural 
disintegration of rock and graded as defined under “ Fine Aggre- 
gate.” 

Stone Screenings.—The finely divided product formed by 
crushing a natural rock and graded as defined under “ Fine Aggre- 
gate.”’ 

Coarse Aggregate——Inert material which is retained on a 
screen having holes } in. in diameter and graded from the smallest 
to the largest particle, and which is meorporated in the concrete 
in the mixing.. The upper limit of its size depends on various 


* There is a cement known in Germany as Ejisen-Portland cement, which in England is 
frequently referred to as slag cement. This is formed by adding to the ground Portland 
cement clinker prepared as a true Portland cement, up to 30% of pulverized slag. This 
should be distinguished from slag cement, as defined above. 
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conditions; in general, anything above 3 in. is known as a plum, 
and is added to concrete after mixing and during placing, thus 
forming rubble concrete. 

Gravel_—Rounded rock particles graded from fine to coarse 
and occurring together with loam, clay, ar other earthy substances 
in a natural bed or bank and meeting the above requiremets for 
“coarse aggregate.” 

Crushed Stone.—The product resulting from crushing natural 
rock and meeting the above requirements for “‘coarse aggregate.”’ 

Crushed Slag.—Air cooled basic blast furnace slag meeting 
the above requirements for “coarse aggregate.” 

Cinder—The hard waste product of the combustion of 
anthracite coal. 

Plums.—Stones of large size added to concrete after mixing 
and during placing. 

Bank-run Gravel.—The normal product of a gravel bank. 

Run-of-Crusher.—The unscreened output of the stone crusher. 


IV. REINFORCEMENT. 


The metal (generally steel) embedded in concrete in pro- 
portionately small sections in such a manner that the two materials 
assist each other in taking stress. 

Hard Steel.—Steel with a minimum ultimate tensile strength 
of 80,000 lb. per sq. in. and a minimum yield point of 50,000 lb. 
per sq. in. 

Structural Steel—Steel with a minimum ultimate tensile 
strength varying between 55,000 and 70,000 lb. per sq. in. and a 
minimum yield point of 33,000 lb. per sq. in. 

Rerolled Steel.—Steel bars rerolled from old material. 


V. GENERAL TERMS. 


Mortar.—A mixture of sand with cement or with lime (or 
with both) wetted and mixed to the consistency of paste. Applied 
to concrete, the mixture of cement and fine aggregate, which lies 
in the voids of the coarse aggregate. 

Grout.—The resulting mixture of cement and water or cement, 
sand and water, in a liquid consistency. 
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*Stucco—A mortar applied in thin layers to a backing of 
wood or metal lath, masonry, hollow tile or brick to provide a 
finish coat. 

PeTEeR GILLESPIE, 

EK. J. MEHREN, 

F. E. TUuRNEAURE, 

F. C. Wicut, Chairman. 


* Subject to correction by the Committee on Stucco. 
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DISCUSSION. 


Mr. W. M. Kinney.—It seems to me that some of the defini- 
tions suggested should have very careful consideration before 
being published in the Journal. As an example the term “Slag” 
cement is used. A number of years ago the Corps of Engineers 
of the United States Army, in Professional Papers No. 28, advised 
against the use of the term “Slag cement’? and advocated the 
use of the term “ Pozzuolana cement” for mechanical mixture of 
slag and slaked lime and Portland cement, for the cement made 
from slag and limestone by the usual Portland cement process. 
This information has been given wide distribution and confusion 
is liable to result. 

PRESIDENT HuMPHREY.—It seems to me, with all due respect 
to the Army Board, that they are not right, because Pozzuolana 
is made from ashes coming from the town of Pozzuoli, and applies 
to a natural slag; whereas slag cement applies to an artificial slag. 

Mr. Kinney.—The commonly accepted practice of the last 
ten or fifteen years certainly should carry some weight and this 
definition should not be given without thorough consideration. 

PRESIDENT HumpureY.—A finely pulverized mechanical 
mixture of granulated basic blast slag and slaked lime is known in 
this country as slag cement. 

Mr. L. R. Fercuson.—The question of definition is most 
important. For example, the definitions of gravel in different 
parts of the country vary greatly, and lead to confusion. Effort 
is being made at present on the part of many societies to stand- 
ardize definitions, so that one definition will be understood by 
everybody to mean a particular thing. I would suggest that this 
Committee co-operate, if possible, with the Committees of other 
societies working along this same line, so that every one will have 
the same definitions when we finally adopt them. There will be 
a meeting of the Committee, consisting of representatives from 
several Committees of the American Society for Testing Mate- 
rials, in the near future, and I am sure the Chairman of this 
Committee would be welcome. 
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Mr. Wituis Wuitrep.—I think the Committee define grout Mr. whited. 
as a mixture of cement and water, sometimes mixed with a 
percentage of sand. In fact, grout is almost always 2 of sand to 
1 of cement. I would like to ask how well the nomenclature that 
is here proposed agrees with the English nomenclature? I think 
it would be a good idea, so far as is practicable, to have ours 
agree with the English. 
Mr. F. C. Wicutr.—The Committee would be very glad to Mr. wight. 
do that, but we would expect the gentlemen who are regulating 
the British end of the English language to follow some of the 
terms that are generally understood in this country. I have a 
report of the London Concrete Institute, in which are certam 
definitions remotely resembling anything that we have in this 
country. In fact, most British books which I have read contain 
so many terms strange to American ears, that I do not see how 
American engineers can get very much out of them. 
Mr. Sanrorp E. THompson.—I move, Mr. President, that Mr. Thompson, 
the report be transmitted to the members through the Journal, 
to be discussed at a future meeting; that the Chairman be asked 
to co-operate with other Committees of this Institute which are 
affected by the nomenclature and also, if possible, with the Com- 
mittee of the American Society for Testing Materials which is 
working on this proposition. 
Pror. A. N. Tatsor.—I should like to ask if there have been Prof. Talbot. 
any comments on the proposed definition of Reinforced Concrete? 
It seems to me that the Committee should take into consideration 
the fact that there are functions for the steel and for the concrete; 
they may be co-operating, one may supply deficiencies in the 
other. There are cases in Reinforced Concrete, I think, where it 
is not a deficiency of one or the other, but a union of both in a 
common cause. It would be unfortunate to have a definition 
which states that the steel supplies a deficiency in stress. 
Mr. C. A. P. TurNER.—Mr. President, in connection with Mr. Turner. 
that definition, if we define Reinforced Concrete as concrete to 
which metal has been added to supply stress deficiency, what 
shall we say about the concrete column? We put in reinforce- 
ment not to supply stress deficiency, but to form a combiation 
which will present toughness and strength—that is, those of us 
who are engaged in commercial engineering, at least—a degree 
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Mr. Turner. Of strength in excess of that possessed by the materials that go 


Mr. Wight. 


into the structure. If we take all of our building codes as a basis 
for computation, it is assumed that the bond between the con- 
crete and metal is such as to make the two act as a homogeneous 
solid. Now, this bond adds a new property to the concrete which 
cannot be accounted for without considering it a combination 
adding new properties to the matrix in which the metal is placed; 
and it does not seem to me, in view of this fact, that the definition 
states correctly the nature of the subject matter. 

Mr. Wicut.—It might be well, Mr. President, to withhold 
this report from publication for a month, say; and such members 
as are here present can write to the Chairman or the Secretary 
such suggestions as they think are vitally necessary; and those 
can be incorporated in the definitions, if the Committee sees fit, 
before publication. 

The Convention ordered the Report published in the April 
Journal as information for the members of the Institute. 











